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COMPOUNDS 



The present invention relates to pyrazolopyridine compounds, processes for their 
preparation, intermediates usable in these processes, and pharmaceutical compositions 
5 containing the compounds. The invention also relates to the use of the pyrazolopyridine 
compounds in therapy, for example as inhibitors of phosphodiesterases (PDE) and/or for 
the treatment and/or prophylaxis of inflammatory and/or allergic diseases such as chronic 
obstructive pulmonary disease (COPD), asthma or allergic rhinitis. 

10 US 3,979,399, US 3,840,546, and US 3,966,746 (E.R.Squibb & Sons) disclose 4-amino 
derivatives of pyrazolo[3,4-b]pyridine-5-carboxamides wherein the 4-amino group 
NR3R4 can be an acycUc amino group wherein R3 and R4 may each be hydrogen, lower 
alkyl (e.g. butyl), phenyl, etc.; NR3R4 can alternatively be a 3-6-membered heterocycUc 
group such as pyirolidino, piperidino and piperazino. The compounds are disclosed as 

15 central nervous system depressants useful as ataractic, analgesic and hypotensive agents. 

US 3,925,388, US 3,856,799, US 3,833,594 and US 3,755,340 (E.R.Squibb & Sons) 
disclose 4-amino derivatives of pyrazolo[3,4-b3pyridine-5-carboxylic acids and esters. 
The 4-amino group NR3R4 can be an acyclic amino group wherein R3 and R4 may each 

20 be hydrogen, lower alkyl (e.g. butyl), phenyl, etc.; NR3R4 can alternatively be a 5-6- 
membered heterocyclic group in which an additional nitrogen is present such as 
pyrroUdino, piperidino, pyrazolyl, pyrimidinyl, pyridazmyl or piperazinyl. The 
compounds are mentioned as being central nervous system depressants useful as ataractic 
agents or tranquilisers, as having antiinflammatory and analgesic properties. The 

25 compounds are mentioned as increasing the intracellular concentration of adenosine-3',5'- 
cyclic monophosphate and for alleviating the symptoms of asthma. 

Japanese laid-open patent appUcation JP-2002-20386-A (Ono Yakuhin Kogyo KK) 
published'on .23 January 2002 discloses pyrazolopyridine compounds of the foUowing 
30 formula: 




JP-2002-20386-A 
(Ono) 



35 group 



wherein R^ denotes 1) a group -OR^ 2) a group -SR'', 3) a C2-8 alkynyl group. 4) a nitro 
gtoup, 5) a cyano group, 6) a Cl-8 alkyl group substituted by a hydroxy group or a Cl-8 
alkoxy group, 7) a phenyl group, 8) a group -C(0)R^ 9) a group -SOaNR^^". 10) a 
group -NR^SOaR", 11) a group -NR"C(0)R'* or 12) a group -CH=NR*^ R* and R 



( -2- 



denote i) a hydrogen atom, ii) a Cl-8 alkyl group, iii) a Cl-8 alkyl group substituted by a 
Cl-8 alkoxy group, iv) a trihalomethyl group, v) a C3-7 cycloalkyl group, vi) a Cl-8 
alkyl group substituted by a phenyl group or vii) a 3-15 membered mono-, di- or tricycUc 
hetero ring containing 1-4 nitrogen atoms, 1-3 oxygen atoms and/or 1-3 sulphur atoms. 
5 r2 denotes 1) a hydrogen atom or 2) a Cl-8 alkoxy group. denotes 1) a hydrogen 
atom or 2) a Cl-8 alkyl group, denotes 1) a hydrogen atom, 2) a Cl-8 alkyl group, 3) 
a C3-7 cycloalkyl group, 4) a Cl-8 alkyl group substituted by a C3-7 cycloalkyl group, 5) 
a phenyl group which may be substituted by 1-3 halogen atoms or 6) a 3-15 membered 
mono-, di- or tricyclic hetero ring containing 1-4 nitrogen atoms, 1-3 oxygen atoms 

10 and/or 1-3 sulphur atoms. R^ denotes 1) a hydrogen atom. 2) a Cl-8 alkyl group, 3) a C3- 
7 cycloalkyl group, 4) a Cl-8 alkyl group substituted by a C3-7 cycloalkyl group or 5) a 
phenyl group which may be substituted by 1-3 substituents. In group R^, a hydrogen 
atom is preferred. Li group r4 , methyl, ethyl, cyclopropyl, cyclobutyl or cyclopentyl are 
preferred. The compounds of IP-2002-20386-A are stated as having PDE4 inhibitory 

15 activity and as being useful in the prevention and/or treatment of inflammatory diseases 
and many other diseases. 

EP 0 076 035 Al QCI Americas) discloses pyrazolo[3.4-b]pyridine derivatives as central 
nervous system depressants useful as tranquilisers or ataractic agents for the relief of 
20 anxiety and tension states. 



The compound cartazolate is known (ethyl l-ethyl-4-n-butylamino-lH-pyrazolo[3,4-b]- ' 
pyridine-5-carboxylate). J.W. Daly et al., Med. Chem. Res., 1994. 4, 293-306 andD. Shi 
et al.. Drug Development Research, 1997, 42, 41-56 disclose a series of 

25 4-(amino)substitoted lH-pyrazolo[3.4-b]pyridine-5-carboxyhc acid derivatives and their 
affimties at Ai- and A2A-adenosine receptors, and the latter paper discloses their 
affinities at various binding sites of the GABAA-receptor channel. S. Schenone et al., 
Bioorg. Med. Chem. Lett., 2001, 11, 2529-2531 disclose a series of 4-amino-l-(2-chloro- 
2-phenylethyl)-lH-pyrazolo[3,4-b]pyridine-5-caiboxylic acid ethyl esters as Al- 

30 adenosine receptor ligands. 

S.S.Chakravorti et al.. Indian J. Chem., 1978, 16B(2), 161-3 discloses the compounds 

4- hydroxy-l,3-diphenyl-5-(3',4'-dihydroisoquinol-l'-yl)-pyrazolo[3,4-b]pyridineand 
l,3-diphenyI-4-hydroxy-5-(3'-methyl-3',4'-dihydroisoquinol-l'-yl)- 
pyra2;olo[3,4-b]pyridine. These two compounds were tested for antifilarial activity but 
were found to have no significant microfilaricidal activity. 

G. Sabitha et al.. Synthetic Commun., 1999, 29(4), 655-665 discloses a synthetic route to 

5- substituted-6-amino-l-phenyl-3-(methyl or phenyl)-pyrazolo[3,4-b]pyridines wherein 
the 5-substituent of the pyrazolo[3,4-b]pyridine is benzimidazol-2-yl, 
5-chloro-benzoxazol-2-yl, or benzothia2ol-2-yl. Though declared to be "biologicaUy . 
interesting molecules", there is however no disclosure that these compounds had been 
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tested in any phannacologjcal tests and there is no disclosure of any general or specific 
biological activity of these compounds. 

It is desirable to find new compounds which bind to, and preferably inhibit, 
phosphodiesterase type IV (PDE4). 

The present invention provides a compound of formula (I) or a salt thereof (in particular, 
a pharmaceuticaUy acceptable salt thereof): 




(I) 



wherein: 

r1 is a hydrogen atom (EI), Ci^alkyl, Ci.sfluoroalkyl or -(CH2)20H; 
r2 is a hydrogen atom (H), methyl or Cifluoroalkyl; 

r3 is optionally substituted Ci.galkyl, optionally substituted Ca.gcycloaUcyl, optionally 
substimted phenyl, or an optionally substituted heterocyclic group of sub-formula (aa), 
(bb) or (cc): 




(aa) (bb) (cc) 

in which nl and xP- independently are 1 or 2; and Y is O, S, SO2, or NR"*; where r4 is a 
hydrogen atom (H), Ci_2alkyl, Ci.2fluoroalkyl, CH2C(0)NH2. C(0)NH2. 
C(0)-Ci_2alkyl, or C(0)-Cifluoroalkyl; 

Wherein in r3 the Ci.galkyl is optionally substituted with one or two substituents being 
0x0 (=0), OH, Ci.2aIkoxy or Ci_2fluoroalkoxy; and wherein any such substituent is not 
substituted at the r3 carbon atom attached (bonded) to the -NH- group of formula (I); 

wherein in r3 the phenyl is optionally substituted with one substitUCTit being fluoro, 
chloro, Ci.2alkyl, Ci.2fluoroalkyl, Ci.2alkoxy. Ci.2fluoroalkoxy or cyano; 




whMein in r3 flie C3.8cycloalkyl or the heterocyclic group of sub-formula (aa), (bb) or 

(cc) is optionally substituted with one or two substituents being oxo (=0), OH, 
Ci.2alkoxy, Ci_2fluoroalkoxy, or Ci_2alkyl; and wherein any OH, alkoxy or 

5 fluoroalkoxy substituent is not substituted at the r3 ring carbon attached (bonded) to the 
-NH- group of formula (I) and is not substituted at either r3 ring carbon bonded to the Y 
group of the heterocyclic group (aa), (bb) or (cc); 

and wherdn Het is of sub-formula (i). (ii), (iii), (iv) or (v): 

10 




(0 (10 (jil) (iv) (V) 



wherein: 

15 Wl,w2 W^andwSisN; andW^isNRW; 

Xl, X3 and is N or CRX; x2 is O. S or NRX ; and X5 is CRX1rX2; 
Yl, y2 and y3 is CRY or N; y4 is O, S or NRY ; and y5 is CRY1rY2; 

20 

Zl and Z5 is O, S or NRZ; and Z^, z3 and z4 is N or CRZ; 
wherein: 

RW is a hydrogen atom (HT) or Ci_2alkyl; 

25 

rXrX2,rY 

and rY2 independently are: 
a hydrogen atom (H); 
Ci^galkyl; 

C3_6cycloalkyl optionally substituted by a Ci_2alkyl group; 
30 -(CH2)n2a-C3.6cycloal]cyl optionally substituted, in the -(CH2)n^ moiety or in 

the C3_5cycloalkyl moiety, by a Ci.2al]cyl group, wherein n2a is 1, 2 or 3; 
-(CH2)n^-S02-R5 wherein n3 is 1 or 2 and r5 is Ci.3alkyl or -NH-Ci_2alkyl or 
phenyl; 

-(CH2)n'^-NR%'7 wherein n4 is 0, 1, 2 or 3, and r6 and r7 independently are H, 
35 Ci.6allcyl e.g. Ci^alkyl. C3.6cycloalkyl, -CH2-C3.6cycloalkyl, 

-C(0)-Ci.2alkyl, -S02-Ci_2alkyl, phenyl, or benzyl (wherein the phenyl or 



benzyl axe independently optionaUy substituted on the aromatic ring by one of 
fluoio, chloro. Ci.2alkyl. CifluoroaUcyl, Ci.2a]koxy or Cifluoroalkoxy); or 

r6 and r7 together are -(CH2)n5-X5-(CH2)n^- in which n^ and n^ 

independently are 2 or 3 and x5 is a bond, -CH2-. O, or NR8 wherein r8 is H 

orCi_2alkyl; 

(.CS.2hp-0-R^; wherein n^ is 0, 1, 2 or 3 and r9 is H or Ci.6alkyl; wherein n^ is 
0 only when the -(CH2)n^-0-R^ is bonded to a carbon atom in the Het ring; 
and wherein n^ is not 0 when Het is of sub-formula (v) (i.e. n^ is not 0 for 
RX2andforRY2); 
C(O)-NR10r11 wherein rIO andRH independently are H, Ci-galkyU 

C3-6cycloalkyl, -CH2-C3.6cycloalkyl, phenyl, or benzyl (wherein the phenyl 
or benzyl are independently optionally substitated on the aromatic ring by one 
of fluoro, chloro, Ci_2alkyl, Cifluoroalkyl, Ci.2alkoxy or Cifluoroalkoxy); 

or RlO and r1 1 together are -(CH2)n^-X^-(CH2)n^- in which n^ and n9 
independently are 2 or 3 and is a bond, -CH2-. O, or NR12 wherdn r12 is 
H or Ci.2alkyl; 

-C(0)-0R13 wherein r13 is H, Ci.6alkyl, C3.6cycloalkyl. -CH2-C3.6cycloalkyl, 
phenyl, or benzyl (wherein the phenyl or benzyl are independently optionally 
substituted on the aromatic ring by one of fluoro, chloro, Ci.2alkyl, 
Cifluoroalkyl, Ci_2alkoxy or Cifluoroalkoxy); 

-C(0)-Rl3a wherein Rl3a is a hydrogen atom (H), Ci-galkyl, Ci_2fluoroalkyl, 
C3_6cycloalkyl, -CH2-C3.6cycloa]kyl, benzyl, or phenyl; wherein the phenyl 
or benzyl are independently optionally substituted on the aromatic ring by one 
of fluoro, chloro, Ci.2alkyl, Cifluoroalkyl, Ci.2alkoxy or Cifluoroalkoxy; 

a 4-, 5-, 6- or 7-membered saturated heterocyclic riiig containing one O ring atom or 
' one NR14 ring group wherein RI'^ is H or Ci^alkyl, said heterocycUc ring 
being optionally substituted (at a position or positions other than any NRI"* 
position) by one 0x0 (=0) and/or one Ci_4alkyl substituent; or 

-(CH2)n^^-Ar wherein nlO is 0, 1 or 2 and 

(i) Ar is phenyl optionally substituted by one or two substituents being fluoro, 
chloro, Ci_2alkyl, Ci_2fluoroalkyl, Ci_2alkoxy, Ci_2fluoroalkoxy or cyano; 

or 

(ii) Ar is an optionaUy substituted 5- or 6-membered heterocyclic aromatic 
ring containing 1, 2 or 3 heteroatoms selected from O, N or S; and wherein 
when the heterocyclic aromatic ring Ar contains 2 or 3 heteroatoms, one is 
selected from O, N and S and the remaining heteioatom(s) are N; and wherein 
the heterocyclic aromatic ring Ar is optionally substituted by one or two 
Ci_4alkyl groups; 
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rXI andRYl independently are a hydrogen atom (H), Ci.2alkyl or Cifluoroalkyl; and 
RZ is a hydrogen atom (H) or Ci.2al]cyl. 



Ill one optional embodiment of the invention, r3 is optionally substituted Ci.galkyl, 
optionaUy substituted Cs.gcycloalkyl, optionally substituted phenyl, or an optionally 
substituted heterocyclic group of sub-foimula (aa), (bb) or (cc): 




or 



(aa) (bb) (cc) 

in which nl and n2 independently are 1 or 2; and Y is O, S, SIO2, or NR4; ^here r4 is a 
hydrogen atom, Ci_2alkyl, Ci.2fluoroalkyl, C(0)NH2, C(0)-Ci_2al]cyl, or C(0)- 
Cifluoroalkyl; provided that Y is not NR4 when the heterocycUc group is of sub-formula 
(aa); ' 

wherein in r3 the Ci.galkyl is optionally substituted with one or two substituents being 
0x0 (=0), OH, Ci.2aIlcoxy or Ci_2fluoroalkoxy; and wherein any such substituent is not 
substituted at the r3 carbon atom attached to the -NH- group of formula (I); 

wherein in r3 the phenyl is optionaUy substituted with one substituent being fluoro, 
chloro, Ci_2alkyl, Ci_2fluoroalkyl, Ci_2alkoxy. Ci.2fluoroalkoxy or cyano; 

wherein in r3 the C3_8cycloalkyl or the heterocycKc group of sub-fonnula (aa), (bb) or 

(cc) is optionally substituted with one or two substituents being 0x0 (=0), OH, 
Ci.2aIkoxy, Ci.2fluoroalkoxy, or Ci_2alkyl; and wherein any OH, alkoxy or' 

fluoroalkoxy substituent is not substituted at the r3 ring carbon attached to the -NH- 
group of formula (T) and is not substituted at either r3 ring carbon bonded to the Y group 
of the heterocyclic group (aa), (bb) or (cc). 

Altematively or additionally, in one optional embodiment of the invention, Het is of sub- 
foimula (i), (ii). (iii) or (iv): 

vy'-x" W^X= w2-xf wt=x* 

71' or .^^^ or N.x^-a-'Y- or ^.^^.^V 

(0 (") (ill) m 
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wherein: 

Wl, W2 and is N; and W3 is NRW ; 

Xl, X3 and X4 is N or CRX-. and X2 is O, S or NRX ; 

y1, Y2 and is CRY or N; and Y^ is O. S or NRY ; 

Zl is O, S or NRZ; and Z2, z3 and z4 is N or CRZ; 

wherein: 

rW is a hydrogen atom (H) or Ci.2alkyl; 

and rY independently are: 
a hydrogen atom (H); 
Ci_8alkyl; 
C3_6cycloalkyl; 

-(CH2)n^-S02-R5 wherdn n3 is 1 or 2 and r5 is Ci.salkyl or -NH-Ci.2alkyl; 

-(CH2)n'^-NR6R7 wherein n^ is 0, 1 or 2, and r6 and r7 independently are H, 
Ci_6alkyl e.g. Ci^alkyl, -C(0)-Ci.2alkyl or -S02-Ci_2alkyl; or r6 andR7 
together are -(CH2)n^-X5-(CH2)n^- in which n5 and n^ independently are 2 
or 3 and x5 is a bond, -CH2-, O, or NR8 wherein R8 is H or Ci.2alkyl; 

-(CH2)n'^-0-R9 wherein n^ is 1 or 2 and r9 is H or Ci_6alkyl; 

-C(O)-NR10r11 wherein rI^ and rH independently are H or Ci_6alkyl; or R^O 
and Rll together are -(CH2)n^-X6-(CH2)n^- in which n8 and n9 
independently are 2 or 3 and X^ is a bond, -CH2-, O, or NR^^ wherein r12 is 
HorCi_2alkyl; 

-C(0)-0R13 wherein r13 is H or Ci_6alkyl; 

a 4-, 5-, 6- or 7-membered saturated heterocycUc ring containing one O ring atom 01 
one NR14 ring group wherein r14 is H or Ci^alkyl, said het^cycUc ring 

being optionally substituted (at a position or positions othei than any NR^-^ 
position) by one 0x0 (=0) and/or one Ci_4alkyl substituent; or 

-(CH2)n^^-Ar wherdbi n^O is 0, 1 or 2 and 

(i) Ar is phenyl optionally substituted by one or two substituents being fluoro, 
chloro, Ci.2alkyl, Ci_2fluoroallcyl, Ci.2alkoxy, Ci.2fluoroalkoxy or cyano; 

• or . 

(ii) At is an optionally substituted 5- or 6-membered heterocyclic aromatic 
ring containing 1, 2 or 3 heteroatoms selected from O, N or S; and wherein . 
when the heterocyclic aromatic ring Ar contains 2 or 3 heteroatoins, one is 



P33153P2 



-8- 



selected from O, N and S and the remaining heteroatom(s) are N; and wherein 
the heterocyclic aromatic ring Ar is optionally substituted by one or two 
Ci^alkyl groups; and 

RZ is a hydrogen atom (H) or Ci.2alkyl. 



In compounds, for example in the compoxmds of formula (I), an "alkyl" group or 
moiety may be straight-chain or branched. Alkyl groups, for example Ci^galkyl or 
Ci^galkyl or Ci^alkyl or Ci_3alkyl or Ci.2alkyl, which may be employed include 
Ci-6alkyl or Ci_4alkyl or Ci^salkyl or Ci.2alkyl such as methyl, ethyl, n-propyl, n- 
butyl, n-pentyl, or n-hexyl, or any branched isomers thereof such as isopropyl, t-butyl, 
sec-butyl, isobutyl, 3-methylbutan-2-.yl, 2~ethylbutan-l-yl, or the like. 

A corresponding meaning is intended for "alkoxy", "alkylene", and like temis 
derived froin alkyl. For example, "alkoxy" such as Ci^galkoxy or Ci^alkoxy or 
Ci.2alkoxy includes methoxy, ethoxy, propyloxy, and oxy derivatives of the alkyls listed 
above. "Alkylsulfonyl" such as Ci^alkylsulfonyl includes methylsulfonyl 
(methanesulfonyl), ethylsulfonyl, and others derived from the alkyls listed above. 
"Alkylsulfonyloxy" such as Ci^alkylsulfonyloxy includes methanesulfonyloxy 
(methylsulfonyloxy), ethanesulfonyloxy, et aL 

"Cycloalkyl", for example Cs^gcycloalkyl, includes cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, and the like. Preferably, a 
C3-8 cycloalkyl group is Cs^gcycloalkyl or Cs^gcycloalkyl, that is the cycloalkyl group 
contains a 3-6 membered or 5-6 membered carbocyclic ring respectively. 

"Huoroalkyl" includes alkyl groups with one, two, three, four, five or more 
fluorine substituents, for example Ci_4fluoroalkyl or Ci.3fluoroalkyl or Ci^2fl^oroalkyl 

such as monofluoromethyl, difluoromethyl, trifluoromethyl, pentafluoroethyl, 2,2,2- 
trifluoroethyl (CF3CH2-), 2,2-difluoroethyl (CHF2-CH2-), or 2-fluoroethyl 
(CH2F-CH2-), etc. "Fluoroalkoxy" includes Ci^uoroalkoxy or Ci.2fluoroalkoxy such 

as trifluoromethoxy, pentafluoroethoxy, monofluoromethoxy, difluoromethoxy, etc. 
"Fluoroalkylsulfonyl" such as Ci^uoroalkylsulfonyl includes 

trifluoromethanestilfonyl, pentafluoroethylsulfonyl, etc. 

A halogen atom ("halo") present in compounds, for example in the compounds of 
formula (I), can be a fluorine, chlorine, bronune or iodine atom ("fluoro", "chloro", 
"bromo" or "iodo"). 

When the specification states that atom or moiety A is "bonded" or "attached" to 
atom or moiety B, it means that atom/moiety A is directly bonded to atom/moiety B 
usually by means of one or more covalent bonds, and excludes A being indirectly 
attached to B via one or more intermediate atoms/moieties (e.g. excludes A-C-B); unless 
it is clear from the context that another meaning is intended. 
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Pieferably, R1 is Ci^alkyl, Ci.sfluoroalkyl or -(CH2)20H; more preferably Ci.aalkyl, 
Ci_2fluoroalkyl or -(CH2)20H; stiU more preferably C2-3allcyl, C2fluoroalkyl or 
-(CH2)20H; and yet more preferably C2alkyl or C2fluoroalkyl. When is Ci_4alkyl 
or Ci.sfluoroalkyl, it can be straight-chained or branched. can for example be 
5 methyl, trifluoromethyl, efliyl, n-propyl, isopropyl, isobutyl, C2fluoroalkyl or 

-(CH2)20H; and more preferably r1 is ethyl, n-propyl, C2fluoroalkyl or -(CH2)20H. 
r1 is most preferably ethyl. 

. Preferably, R^ is a hydrogen atom (H) or methyl, more preferably a hydrogen atom (££). 

10 

Where r3 is optionally substituted phenyl, the optional substituent can be at the 2-, 3- or 
4-position of the phenyl ring, e.g. at the 4-position. For example, r3 can be phenyl or 
• fluorophenyl; in particular 4-fluorophenyl. 

15 r3 is preferably optionally substituted Ci^galkyl, optionally substituted Cs.gcycloalkyl, 
or an optionally substituted heterocyclic group of sub-formula (aa), (bb) or (cc). 

Preferably, in there is one substituent or no substituent. 

20 Where r3 is optionally substituted Ci jgalkyl, it is preferably optionally substituted 
Cj^galkyl or more preferably optionally substituted C3_6alkyl. In these 3 cases, 
preferably r3 is unsubstituted alkyl such as n-propyl, isopropyl, isobutyl, sec-butyl, n- 
butyl, t-butyl, 3-methylbutan-2-yl, or 2-ethylbutan-l-yl. Where R^ is optionally 
substituted Ci.galkyl, it is most preferably isobutyl, sec-butyl, t-butyl or 3-metiiylbutan- 

25 2-yl (for example (R)-3-methylbutan-2-yl or (S)-3-methylbutan-2-yl). 

In one optional embodiment, where r3 is optionally substituted Cs^gcycloalkyl, it is not 
optionally substituted Cscycloalkyl, i.e. not optionally substituted cyclopentyl. In this 
case, more preferably, R^ is optionally substituted Cg.gcycloalkyl. 

30 

Where r3 is optionally substituted Cs.gcycloalkyl, it is more preferably Cgcycloalkyl 

(i.e. cyclohexyl) optionally substituted with one or two substituents being oxo (=0), OH, 
Ci.2alkoxy, Ci_2fluoroalkoxy (e.g. trifluoromethoxy), or Ci^2^1kyl, and wherein any 

OH, alkoxy or fluoroalkoxy substituent is not substituted at the r3 ring carbon attached 
35 (bonded) to the -NH- group of formula (I). 



Where r3 is optionally substituted Cs^gcycloalkyl, the one or two optional substituents 
preferably comprise (e.g. is or are) OH and/or oxo (=0). . 
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Optionally, in R3, the Cs.gcycloalkyl is unsubstituted. 

Where r3 is optionally substituted Cs^gcycloalkyl, e.g. optionally substituted 
Cs^gcycloalkyl such as optionally substituted Cgcycloalkyl (optionally substituted 
5 cyclohexyl), the one or two optional substituents if present optionally comprise (e.g. is or 
are) a substituent at the 3-, 4- or 5- position of the r3 cycloalkyl ring. Any OH 
substituent is more preferably at the 3- or 5-position of the r3 cycloalkyl ring. (In this 
connection, the 1-position of the R3 cycloalkyl ring is deemed to be the connection point 
to the -NH- in formula (I)). 

10 

Where r3 is optionally substituted Cs.gcyclohexyl, r3 is still more preferably 
cyclohexyl (i.e. unsubstituted) or cyclohexyl substituted by one oxo (=0), OH, 
Ci.2^oxy or Ci_2fl^oroalkoxy substituent; more preferably r3 is cyclohexyl (i.e. 
unsubstituted) or cyclohexyl substituted by one oxo (=0) or OH substituent The optional 
15 substituent is preferably at the 3- or 4- position of the r3 cyclohexyl ring; more 

preferably any OH substituent is preferably at the 3-position of the r3 cyclohexyl ring. 

Where r3 is optionally substituted Cgcycloalkyl, r3 can for example be 4-hydroxy- 

cyclohexyl or 3-oxo-cyclohexyl, but r3 is most preferably cyclohexyl (i.e. unsubstituted) 
20 or 3-hydroxy-cyclohexyl or 4-oxo-cyclohexyl. 

Where r3 is optionally substituted Cscycloalkyl (optionally substituted cyclopentyl), r3 
can for example be cyclopentyl (i.e. unsubstituted) or 3-hydroxy-cyclopentyl. 

25 Where r3 is the heterocyclic group of sub-formula (aa), (bb) or (cc), then Y is preferably 
O, S, SO2, NH or N-C(0)-Me, more preferably O, NH or N-C(0)-Me, stiU more 

preferably O or N-C(0)-Me, most preferably O. (When Y is NH or N-C(0)-Me, then r4 
isHor-C(O)-Me). 

30 Preferably, R^ is a hydrogen atom (H), Ci.2alkyl, C(0)NH2, C(0)-Me or C(0)-CF3. 
Optionally, R* can be a hydrogen atom (H), Ci.2alkyl, C(0)-Me or C(0)-CF3, more 
preferably H, C(0)-Me or C(0)-CF3, still more preferably H or C(0)-Me. 

Preferably, Y is not N-C(0)-Me when the heterocyclic group is of sub-formula (aa). 

35 

Where r3 is the heterocyclic group of sub-fomiula (aa), (bb) or (cc), then it is preferable 
that r3 is the heterocyclic group of sub-formula (aa) or (bb). More preferably, in r3, the 
heterocyclic group is of sub-formula (bb). 
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in sub-formula (bb), nl is preferably 1. In sub-formula (cc), rP- is preferably 1. That is, 
sLx.-membered rings are preferred in the heterocyclic group. 

Preferably, in r3, the heterocyclic group of sub-formula (aa), (bb) or (cc) is 
5 unsubstituted. (In this connection, where Y is NR'^, R'* is not classified as a substituent). 

In the r3 heterocycUc group of sub-foimula (aa), (bb) or (cc), the one or two optional 
substituents preferably comprise (e.g. is or are) OH and/or oxo. 

10 When r3 is the heterocyclic group of sub-formula (aa) and Y is NR^, theh preferably r4 
is not C(0)-Me. More preferably, when r3 is the heterocyclic group of sub-formula (aa) 
and Y is NR4, then r4 is preferably not C(0)R, i.e. or e.g. r4 is preferably not 
C(0)NH2, C(0)-Ci_2alkyl or C(0)-Cifluoroallcyl. In one embodiment, Y is O, S, SO2 

or NH whrai r3 is the heterocyclic group of sub-formula (aa). 



15 



When r3 is the heterocyclic group of sub-formula (aa), preferably Y is not NR4, 



.0 



Optionally, according to one embodiment of the invention, NHR3 is not 
More preferably, when r3 is the heterocyclic group of sub-formula (bb) and Y is NR4, 

20 and optionally when nl is 1 , then preferably R^ is not methyl. More preferably, when r3 
is the heterocycHc group of sub-formula (bb) and Y is NR^, and optionaUy when nl is 1, 
then r4 is preferably not alkyl or substituted alkyl, i.e. or e.g. r4 is preferably not Ci_ 
2^'^, Ci.2fluoroalkyl or CH2C(0)NH2- o"^® embodiment, when r3 is the 
heterocycHc group of sub-formula (bb), Y is preferably O, S, SO2 or NR4, wherein r4 is 

25 H, C(0)NH2, C(0)-Ci.2alkyl or C(0)-CifluoroaIkyl or more preferably H or C(0)-Me. 
More preferably for sub-formula (bb) Y is O or NR^. 
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Preferably, NHR3 is of sub-fonnula (a), (b), (c). (d), (e), (f), (g), (gl). (g2), (g3), (h), (i), 
0), (k), (L), (m). (ml), (n), (o), (ol). (p). (q). (r), (s), (t), (tl) or (t2): 



HN 

(a) (b) (c) 



^NH. JNIH NH NH M O Ml 

(d) (e) (f) (g) (g1) (92) (g3) 

m"^-^ HN"^-^ HN"'^--^ HN-^^^ 

(h) (i) 0) (k) 





(ml) 



XT Xj xy" x5 

JdN' ^ M'^^ M"^^ tiN"^^ MM'' 

-(n) (o) (01) (p) (q) 



NH 

(r) (s) (t) (tl) (t2) 





Ml NH^ ^ NH 



NH 



In the sub-foimulae (a) to (t2) etc above, the -NH- connection point of the NHR3 group 
to the 4-position of the pyrazolopyridine of fonnula (£) is underlined. 
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In one embodiment of the invention, NHR3 is of sub-fonnula (a), (b), (c), (d), (e), (f), (g), 
(h). (i). 0). (k). (L). (m), (n), (o). (p). (q), (r), (s) or (t). 

Preferably, NHR3 is of sub-formula (c), (d), (e), (f), (h), (gl), (i), 0). (k). (m), (ml), (n), 
5 (o), (ol), (p). (q), (r), (s), (t), (tl) or (t2). More preferably NHR3 is of sub-formula (c), 
(h), (k). (n), (o). (r), (s), (t) or (tl), still more preferably (c), (h), (k), (n), (o), (s) or (tl). 
Most preferably, r3 is tetrahydro-2H-pyran-4-yl; that is NHR3 is most preferably of sub- 
formula (hX shown above. 

10 Pifeferably, Het is of sub-formula (iii) or (v); more preferably Het is of sub-formula 



Preferably, Het is of sub-formula (ia), (ib), (ic), (id), (ie), (if) or (ig); more preferably of 
20 sub-formula (ia), (ib), (ic), (id), or (ie); still more preferably of sub-formula (ia), (ib), (ic), 
or (id); yet more preferably preferably of sub-formula (ia) or (ib). 



Xl, X3 and/or independently is/are often N (a nitrogen atom). 



15 



y1, and/or y3 independently is/are often CRX 

Suitably, Zl and/or Z5 independently is/are O or S. Preferably is O. 





N— N 




(ia) 



(ib) 




(id) 



(ie) 



25 Alternatively, when Het is of sub-formula (v), Het can for example be of sub-formula 
(va) or (vb), more preferably of sub-formula (va): 
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(va) (vb) 



For the Het group in general, rW and/or rZ independently is/are suitably a hydrogen 
atom (H). 

5 

For the Het group in geaeral, preferably, one of rX and rY is as defined herein and the 
other of rX and rY is a hydrogen atom (H) or Ci.2alkyl. More preferably, one of rX 
and rY is as defined herein and the other of rX and rY is a hydrogen atom (f£). 

10 Preferably, one of rX and rY is: Ci.galkyl; Cs.gcycloalkyl; -(CH2)n^-S02-R5; 

-(CH2)n'^-NR6R7; -(CH2)n'7-0-R9; -C(O)-NR10r11; -C(0)-0R13; or the 4-, 5-, 6- or 
7-membered optionally substituted saturated heterocyclic ring. More preferably, one of 
rX and rY is: Ci.galkyl; -(CH2)n^-S02-R5; or the 4-, 5-, 6- or 7-membered optionally 
substituted saturated heterocyclic ring. In these cases, as mentioned above, it is preferred 

15 that the other of rX and rY is a hydrogen atom (H) or Ci_2alkyl. 

When RX, rX2^ rY and/or RY2 is Ci.galkyl, then preferably it/they independently 
is/are Ci-galkyl, e.g. C3_6alkyl and/or Ci.4alkyl such as methyl, isopropyl, isobutyl or t- 
butyl. 

20 

When rX rX2^ rY and/or rY2 jg optionaUy substituted C3.6cycloalkyl, then preferably 
it/ithey independently is/are C3.6cycloalkyl (i.e. unsubstituted), for example cyclopropyL 

When RX rX2^ rY and/or RY2 is -(CH2)n^^-C3.6cycloalkyl optionaUy substituted, in 
25 the -(CH2)n^^- moiety or in the C3_6cycloalkyl moiety, by a Ci.2alkyl group; then n^a 
is preferably 1 or 2 or more preferably 1 ; and/or preferably rX, rX2^ rY and/or rY2 
independently is/are optionally substituted -(CH2)n^^C5.6cycloalkyl or optionally 
substituted -(CH2)n^^-C6cycloalkyl. When rX rX2^ rY and/or rY2 optionally 
substimted -(CH2)n2a.C3.5cycloalkyl, then preferably it/they independently is/are 

30 -(CH2)n^a_C3.gcycloalkyl (i.e. not substituted). More preferably RX, rX2^ rY and/or 
rY2 

independently is/are (cyclohexyl)inethyl-, that is -CH2-cyclohexyL 
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When rX rX2, rY and/or rY2 is -(CH2)n3-S02-R5 . then preferably n3 is 1 and/or r5 
is preferably Ci.aalkyl or Ci.2alkyl such as methyl. Most preferably, -(CH2)n^-S02-R^ 
is -CH2S02Me. 

When rX rX2, rY and/or rY2 is -(CH2)n'^-NR6R7, then preferably n^ is 0 only when 
the -(CH2)n'*-NR^R'' is bonded to a carbon atom in the Het ring. 

When rX rX2, rY and/or rY2 is -(CH2)n'^-NR6R7 , then preferably n^ is 0. 1 or 2; 
more preferably n4 is 0 or 1. In one embodiment of -<CH2)ii'*-NR^R'^. and r7 
independently are H, Ci.6allcyl e.g. Ci^alkyl, -C(0>Ci.2ancyl or -S02-Ci.2alkyl; or 
r6 and r7 together are -(CH2)n5-X5-(CH2)ii^- in which n5 and n^ independently are 2 
or 3 and X5 is a bond, -CH2-, O. or NR8 wherein r8 is H or Ci.2alkyl. R^ is preferably 
H or Ci.6alkyl. R7 is preferably Ci^aikyl. Where r6 and/or r7 is Ci.6alkyl, then it is 
preferably Ci_4alkyl e.g. methyl. In an alternative preferable embodiment, r6 andR^ 
together are -(CH2)n^-X5-(CH2)n^-, in which case it is preferable that n^ is 2 and/or 
n6 is 2. For example, -(CH2)n'^-NR6R7 can be NMe2 (n4 = 0; r6 = r7 = Me), or 

-CH2NMe2 (n^ = 1; r6 = r7 = Me), or ^< ^ (n^ = 1; r6 andR7 together are 

-(CH2)2-N(Me)-(CH2)2-). or (n^ = 1; r6 andR7 together are 

-(CH2)2-0-(CH2)2-). 

When rX rX2^ rY and/or rY2 is -(CH2)n'^-0-R9, then in one embodiment n7 is 1, 2 or 
3 and r9 is H or Ci_6alkyl. n7 is preferably 1 or 2, more preferably 1; and/or r9 is 
preferably Ci^alkyl such as methyl or t-butyl. For example, -(CH2)n'^-0-R9 can be 
-CH2-0-tBu or -CH2-0-Me. 

When rX, rX2^ rY and/or RY2 is <:(O)-NR10r11 , then in one embodiment rIO and 
r11 independently are H or Ci.6alkyl; or rIO and rH together are 
-(CH2)n^-X^-(CH2)n^- in which n^ and n^ independently are 2 or 3 and X6 is a bond, 
-CH2-, O, or NR12 wherein r12 is H or Ci-2alkyl. Preferably rIO is H and/or 
preferably RH is Ci.galkyl e.g. Ci^alkyl such as isopropyl. For example, 

-C(O)-NR10r1.1 can be ^ . In an alternative embodiment, when rI® and rIO 
together are -(CH2)n^-X6-(CH2)n^- , then preferably n^ is 2 and/or n^ is 2. 
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When rX rX2^ rY and/or rY2 is -C(0)-0R13 , in one preferred embodiment r13 is h 

or Ci.6alkyl. When r13 is Ci^alkyl, then r13 is preferably Ci^alkyl or Ci.salkyl 

such as methyl (e.g. rX, rY and/or rX2 can be 
-C02Me) or ethyl. 

When rX rX2^ rY and/or RY2 is -C(0)-Rl3a then suitably Rl3a is Ci.6alkyl, 
Ci.2fluoroalkyl, C3.6cycloaJkyl, -CH2-C3.6cycloalkyl, benzyl, or phenyl (wherein the 

phenyl or benzyl are independently optionally substituted on the aromatic ring by one of 
fluoro, chloro, Ci_2allcyl, Cifluoroalkyl, Ci.2alkoxy or Cifluoroalkoxy); more 
preferably Rl3a is Ci.6alkyl or Ci_4alkyl or Ci_2alkyl. 

When RX rX2^ rY and/or RY2 is the 4-, 5-, 6- or 7-membered optionally substituted 
saturated heterocyclic ring containing one O ring atom or one NR14 ring group, then 
suitably the optionally substituted saturated heterocyclic ring is 4-, 5- or 6-memb»ed. 
When the optionally substituted saturated heterocyclic ring is 4-membeied, thea 
preferably the heterocyclic ring is not optionally substituted by oxo (=0). When r14 
and/or a or the optional ring substituent is Ci^alkyl, it is suitably Ci_2alkyl such as 

methyl. When the saturated heterocyclic ring is optionally substituted (at a position other 
than any NR14 position) by Ci^alkyl, then preferably the optional Ci_4alkyl is 
substituted at the carbon atom directly attached to the 5-membered ring in sub-formula 
(i), (ii), (iii) or (iv) of Het. For example, the 4-, 5-, 6- or 7-membered optionally 
substituted saturated heterocyclic ring can be tetrahydro-2H-pyran-4-yl, 



tetfahydrofuran-2-yl, or ' o,or '^^^"^^^ 

When rX rX2, rY and/or rY2 is .(CH.2)r^0./^ then preferably nlO is 0 or 1. When 
At is the optionally substituted 5- or 6-membered heterocyclic aromatic ring containing 1, 
2 or 3 heteroatoms selected from O, N or S , then Ar can be optionally substituted furyl, 
thienyl, pyrrolyl, 1,3-oxazolyl, 1,3-thiazolyl, imidazolyl, oxadiazolyl (e.g. 1,3,4- or 1,2,4- 
oxadiazolyl), thiadiazolyl (e.g. 1,3,4- or 1,2,4-), pyridyl, triazolyl (e.g. 1,2,4-triazolyl), 
triazinyl, pyridazyl, pyrimidinyl, pyrazolyl, isothiazolyl (1,2-thiazolyl), or isoxazolyl 
(1,2-oxazolyl). When Ar is the optionally substituted 5- or 6-membered heterocyclic 
aromatic ring, the ring is preferably optionally substituted by one or two Ci_2alkyl 
groups; more preferably there is/are one or ho substituents. 

When Het is of sub-formula (v), then suitably RX2 and/or rY2 independently is/are: a 
hydrogen atom (H), Ci_6alkyl (e.g. Ci^alkyl such as methyl), C3_6cycloalkyl, 
-C(O)-NR10r11, or -C(0)-0R13; more preferably H, C^galkyl, C3.6cycloalkyl, or 
-C(0)-0Ri3; stiU more preferably H or Ci.6alkyl (e.g. Ci^alkyl such as methyl). 




Me 




,o 
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Preferably, R^l and/or rYI independently is/are a hydrogen atom (H) or Ci.2aUcyl. 
more preferably H or methyl, still more preferably H. 

Suitably. y5 can be CH2 or CMe2. More preferably. y5 is CH2, i.e. CSRYIrYI wherein 
rYI = rY2 = a hydrogen atom CH)- 

X5 can suitably be CHRX2 or CMe2, for example CHMe. CH-C02Me or CMe2. 



10 It is most preferred that the compound of formula (1) or the salt thereof is: 

N-CycIopentyl-l-ethyl-5<5-methyl-l,3.4-oxadiazol-2-yl)-lH-pyrazolo[3.4-b]py^ 
N-Cyclopentyl-l-ethyl-5-{5-[(methylsulf<myl)n»thyl]-l,3,4-oxadiazol^^^^ 

b]pyridin-4-ainine, . • 

15 N-Cyclopentyl-l-ethyl-5<5-isopropyl-l,3,4K)xadiazol-2-yl)-lH-pyrazolo[3.4-b]pyridin-4-ai^ 

N-Cyclopentyl-l-«thyl-5k5-methyl-l,3,4-thiadiazol-2-yl)-lH-pyrazolo[3,4-b]pyri 

N-CyclopentyI-l-ethyl-5-{5-[(methylsulfonyl)methyl]-1.3,4-thiadiazol-2-yl}-lH-py^ 

b]pyiidin-4-amine, 

N-CyclopentyI-l-ethyl-5<5-isopropyl-13.4-tMadiazol-2-yl)-lH-pyrazolo[3,4-b]pyridi^^ 
20 l-Ethyl-N<4-fIuorophenyl)-5K3-methyl-1.2,4-oxadiazol-5-yl)-lH-pyrazolo[3,4-b]pyridin-4- 

amine, 

' N-Cyclopentyl-5K1.3-dimethyl-lH-1.2,4-triazol-5-yl)-l-ethyl-lH-pyrazolo[3,4-b]pyrid^ 
amine, 

l-Ethyl-5-(54sopropyl-l,3,4-oxadia2ol-2-yl)-N-tetrahydro-2H-pyran-4-yl-lH-pyrazolo[3,4- 

25 b]pyridiii-4-ainine, 

N-Cyclohexyl-l-ethyl-5<54sopropyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo[3,4-b]pyridin-4-ami^ 

l-Ethyl-N4sobutyl-5-(5-isopropyl-13,4K)xadiazol-2-yl)-lH-pyrazolo[3,4-b]pyridjn-4-a^ 

l-Ethyl-N-isobutyl-5K5-inethyl-1.3,4-oxadiazol-2-yl)-lH-p3Tazolo[3,4-b]pyrito 

N<:yclohexyl-l-ethyl-5<5-methyl-l,3,4K)xadiazol-2-yl)-lH-pyrazolo[3,4-b]pyridin-4-a^ 

30 l-Ethyl-5-(5-inethyl-l,3.4K)xadiazol-2-yl)-N-tetrahydro-2H-pyran-4-yl-lH-pyr^^ 

b]pyridiii-4-amine, 

N-[(lR)-l,2Hiimethylpropyl3-l-eliiyi-5<5-methyl-l,3,4-oxadia2ol-2-yl)-lH-pyrazolo[3,^^ 
b]pyridiii-4-ainine, 

N-[(lS)-l,2Hiin»thylpropyI]-l-ethyl-5K5-methyl-l,3,4KJxadiazol-2-yl)-lH-pyrazolo[3,4- 

35 b]pyridin-4-ainine, 

5<5-Tert-butyl-l,3,4K3xadiazol-2-yl)-l-ethyl-N-tetrahydro-2H-pyran-4-yl-lH-pyrazolo[^ 

b]pyridin-4-ainine, 

5<5-Tert-butyl-1.3,4K)xadia20l-2-yl)-N-cyclohexyl-l-ethyl-lH-pyiazolo[3,4-b]pyridin-4-^^ 
5<5-Tert-butyl-l,3,4-oxadia2ol-2-yl)-N-<yclopentyl-l-ethyl-lH-p5Tazolo[3,4-b]pyiidi^ 
40 5<5-Tert-butyl-l,3,4K)xadia2ol-2-yl)-l-eihyl-N-isobutyl-lH-pyrazolo[3.4-b]pyi^ 
5<5-Tert-batyl-l,3,4-oxadiazol-2-yl)-N-[(lS)-1.2Tdiinethylpropyl]4-ethyl-lH-p^ 

b]pyiidin-4-amme. 
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5-(5-Tert-butyl-l,3,4K>xadiazol-2-yl)-N-[(lR>l,2-d^ 
b]pyridiii-4-aiiune, 

l-Ethyl-5-{5-[(methylsiilfonyl)inethyl]-l,3,4K)xadia^^ 
pyrazolo[3,4-b]pyridm-4-ainiiie, 
N-<:yclohexyl"l-ethyl-5-{5-[(methylsiUfonyl)meti^^^ 
b]pyridin-4-aiiiine, 

l-Efliyl-N4sobutyl.5-{5-[(niethylsulfonyl)methyl]-13,4^^ 
b]pyridin-4-amme, 

N-[(lS)-l,2-dimethylpropyl]-l-ethyl-5-{5-[(methylsutf^ 
pyra2olo[3,4-b]pyridin-4-ainine, 

N-[(lR)-l,2-dimetliylpropyl]-l-ethyl-5-{5-[(metbylsulfon^ 
pyrazolo[3,4-b]pyridin-4-anime, 

l-Ethyl-5-(3-inethyl-l,2.4-<)xadiazol-5-yl)-N-tetrahydro-M^ 
b]pyridin-4-airdne, 

l-Etliyl-5-[3-(methoxymethyl)-l,2,4-oxadiazol"5-yl]-N-teto^ 
pyra2olo[3 ,4-b]pyridiii-4-aimne, 

5-{3-[(DimethylaDaino)methyl]-l,2,4-oxadia2ol-5-yl}-l-^^ 
pyrazolo[3,4-b]pyridin-4-ainine, 

l-Ethyl-5-[3-(moipholin^-ylmettiyl)-l,2,4K)xadiazol-5-^^^ 
pyrazolo[3 ,4-b]pyridm-4-amiDe, 

5-(5-Cyclopropyl-13,4-oxadiazol-2-yl)-l-ethyl-N-tetrahyd^^^ 
b]pyridiii-4-aimne, 

N-(l-Acetylpipbridin-4-yl)-l-ethyl-5K5-methyl-l,3,4-oxadi 

4- amme, 

l-Ethyl-5-[5<3-methyloxetan-3-yl)-l,3,4-oxadia2X>l-2-yl]-N-te 
pyrazolo[3 ,4-b]pyridin-4-ainme, 

l-Ethyl-5-{5-[(4-inethylpipera2m-l-yl)methyl]-13,4-^^^ 
yl-lH-pyrazolo[3,4-b]pyridin-4-amme, 

5- [l-Ethyl-4<tetrahydro-2H-pyran-4.yla]iimo)-lH-pyr^ 
1 ,3,4-oxadiazole-2-carboxamide, 

4- {5-[l-Ethyl-4<tetrahydro-2H-pyran-4-ylainmo)-lH^^ 
oxadiazol-2-yl } -1 -methylpyrrolidin-2-one, 
l-Ethyl-N-tetrahydro-2H-pyran-4-yl-5-(5-tetrahyd^^^ 
pyrazolo[3,4-b]pyridin-4-amine, 

l-Ethyl-5-[5-(morpholin-4-ylmethyl)-l,3,4-oxadiazol-2-yl]-^^ 
pyrazolo[3,4-b]pyridm-4-ainiiie, 

5- [5<rert-butoxymethyl)-l,3,4-oxadia2»1.2-yl]-l-ethyl-^^ 
pyrazolo[3,4-b]pyridin-4-aimne, or 

methyl 2-[l-ethyl-4-(tetrahydro-2ff-pyran-4-ylaiim 
oxa2ole-4-carboxylate; 



or a salt thereof, e.g. a phatinaceutically acceptable salt thereof. 




Alternatively, the compound of formula (I) or the salt thereof can preferably be: 

Methyl 2-[l-ethyl-4-(tetrahydro-2H-pyran-4-ylaimno)-lH-pyrazolo[3,4-2»]p^ 
4,5-dihydro-l,3-oxazole-4-carboxylate, 

l-Ethyl-5K4-methyl-4,5-dihydro-l,3-oxazol-2-yl)-iSr-(tetrahydro-2H-pyran^yl)-lH- 
pyrazolo[3,4-&jpyiidin-4-amiiie, 

l-(n-Propyl)-5-(5-methyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro-2H-pyraii-4-yl)-lH- 
pyrazolo[3,4-b3pyridin-4-amine, 

l-Ethyl-5-[5-(tetrahydrofiiran-2-yl)-13,4-oxadiazol-2-yl]-N<tetrahydro-2frpyran 
lH-pyrazt)lo[3,4-b]pyridin-4-amine, 

l-Ethyl-545-(dimethylamino)43,4-oxadiazol-2-yl]-NKtetrahydro-2H-pyran-4-yl)-lH- 
pyrazolo[3 ,4-b]pyiidin-4-amine, 

l-Ethyl-5-(5-methyl-l,2,4-triazol-3-yl)-N-(tetrahydro-2H-pyran-4-yl)-lH-pyrazolo[3,4- 
b]pyridin-4-amine, 

N-(l-Acetylpiperidin-4-yl)-l-effayl-5-(3-methyl-l,2,4-oxadiazol-5-yl)-lH-pyrazolo[3,4- 
b]pyridin-4-amine, or 

N-(l-Acetylpiperidin-4-yl)-l-ethyl-5-[3-(morpholm-4-ylmethyl)-1.2,4-oxadiazol-5-yl]- 
lH-pyrazolo[3,4-b]pyridin-4-amine; 

or a salt thereof, e.g. a pharmaceutically acceptable salt thereof. 

Because of their potential use in medicine, the salts of the compounds of formula (T) are 
preferably pharmaceutically acceptable. Suitable pharmaceutically acceptable salts can 
include acid or base addition salts. A pharmaceutically acceptable acid addition salt can 
be formed by reaction of a compound of formula (I) with a suitable inorganic or organic 
acid (such as hydrobromic, hydrochloric, sulfuric, nitric, phosphoric, succinic, maleic, 
acetic, filmaric, citric, tartaric, benzoic, p-toluenesulfonic, methantesulfonic or 
naphthalenesulfonic acid), optionally in a suitable solvent such as an organic solvent, to 
give the salt which is usually isolated for example by crystallisation and filtiation. A 
pharmaceutically acceptable acid addition salt of a compound of formula (I) can be for 
example a hydrobromide, hydrochloride, sulfate, nitirate, phosphate, succinate, maleate, 
acetate, fumarate, citrate, tartrate, benzoate, p-toluenesulfonate, methanesulfonate or 
naphthalenesulfonate salt A pharmaceutically acceptable base addition salt can be 
formed by reaction of a compound of formula (I) with a suitable inorganic or organic 
base, optionally in a suitable solvent such as an organic solvent, to give the base addition 
salt which is usually isolated for example by crystallisation and filtration. Other non- 
pharmaceutically acceptable salts, eg. oxalates, uiay be used, for example in the isolation 
of compounds of the invention, and are included within flie scope of this invention. The 
invention includes within its scope all possible stoichiometric and non-stoichiometric 
forms of the salts of the compounds of formula (I). 

Also included within the scope of the invention are aU solvates, hydrates and 
" complexes of compotmds and salts of the invention. 



• 
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Certain groups, substituents, compounds or salts included in the present invention 
may be present as isomers. The present invention includes within its scope all such 
isomers, including racemates, enantiomers and mixtures thereof. 

Certain of the groups, e.g. heteroaromatic ring systems, included in compounds 
5 of formula (J) or their salts may exist in one or more tautomeric forms. The present 
invention includes within its scope all such tautomeric forms, including mixtures. For 
example, when Het is of sub-formula (i), y1 is CRY, and is CRX wherein rX is OH, 
then the compounds of formula (J) or their salts include the keto form (Kl), the enol form 
(El), and mixtures thereof, as shown below, unless otherwise indicated; and when Het is 
10 of sub-formula (i) and y1 is CRY wherein rY is OH, then the compounds of fomiula (I) 
or their salts include the keto form (K2), the enol or hydroxy-imine form (E2), and 
mixtures thereof, as shown below, unless otherwise indicated: 



OH. ,0 




N^-^^i^Y \.^^^i^OH \.^^^i^O 



El Kl E2 ^ K2 

15 Especially when intended for oral medicinal use, the compound of formula (I) can 

optionally have a molecular weight of 1000 or less, for example 800 or less, in particular 
650 or less or 600 or less. Molecular weight here refers to that of the imsolvated "free 
base" compound, that is excluding any molecular weight contributed by any addition 
salts, solvent (e.g. water) molecules, etc. 

20 

Synthetic Process Routes 

The following processes can be used to notake the compounds of formula (I), the methods 
25 mostly being illustrated for the circumstance where R^ is H: 

Process A 



30 



Compounds of formida (J) which are compounds of Formula lA can be prepared by the 
cyclisation reaction of a compound of Formula II, for example with phosphorous 
oxychloride, in a suitable solvent such as acetonitrile. The reaction may require heating: 




Formula lA 

F^oimulall 



Compovinds of Formula II may themselves be prepared by reacting a compound of 
Formula m wilii a suitably substituted hydrazine derivative of formula rYcONHNH2, 
5 imder standard coupling conditions. For example a coupling reagent such as 

l-(3-dimethylaminopropyl)-3-ethylcaibodiimide hydrochloride (EDC) may be used e.g. 
in the presence of hydroxybenzotdazole (HOBT) , for example in a suitable solvent such 
asDMF: 




Formula III Formula II 



Where the required hydrazine derivative RYCONHNH2 is not readHy available, 
compounds of Formula II may alternatively be prepared by initially reacting a compound 
of Formula III with t-butylcarbazate under standard coupling conditions. For example a 
15 coupling reagent such as EDC may be used, e.g. in the presence of hydroxybenzotiiazole. 
, for example in a suitable solvent such as DMF: 
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^<^rmu\a\\\ Formula IV 



HCI 

dloxane 

V 




Formula II Fbrmula V 



Subsequent Boc-deprotection of the resultant acid hydrazide derivative CFormula IV) to 
afford a hydrazide derivative of Formula V, can be achieved using a dilute acid such as 
2M hydrochloric acid in an organic solvent such as dioxane. Conversion to the desired 
hydrazide derivative of Formula II can be achieved by reaction with an acid of formula 
R^COaH under standard coupling conditions. For example a coupling agent such as 
EDC may be used e.g. in the presence of hydroxybenzotriazole, for example in a suitable 
solvent such as DMF. Alternatively, an activated acid derivative of formula RYcO-XIO 
where X is a leaving group such as chloro (acid chloride) or -O-CO-R^O or -0-S02-R^^ 
(where r30 can e.g. be rY or aUcyl or aryl such as methyl, t-butyl or p-methylphenyl) 
may be used to effect formation of a hydrazide of Formula n, through reaction with a 
hydrazide derivative of Formula V. 

Compounds of Formula HI can be prepared by hydrolysis of an ester of Formula VI (for 
example R^ = Et), for example according to the method described by Yu et al. in /. Med 
Chem,, 2001, 44, 1025-1027. This hydrolysis procedxire usually involves reaction with a 
base such as sodium hydroxide or potassium hydroxide in a solvent such as ethanol or 
dioxane, one or both solvents preferably containing some water: 
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Formula VI Formula III 



Compovmds of Formula VI can be prepared, e.g. according to the method described by 
Yu et. al. in /. Med Chem., 2001, 44, 1025-1027, by reaction of a compound of Foraiula 
5 Vn with an amine of Formula R^NHz. The reaction is best carried out in the presence of 
a base such as triethylamine or diisopropylethyl amine in a solvent such as ethanol or 
dioxane and may require heating: . 




Formula VII Formula VI 



10 



15 



Compoimds of Formula VII are also described in the above reference and can be prepared 
first by reaction of a compound of Formula Vm with, for example, 
diethylethoxymethylene malonate (to afford = Et) e.g. with heating, followed by 
reaction with phosphorous oxychloride, again with heating (see for example Intemiediate 
1 synthesis hereinafter, where r1 = ethyl): 



1) ElOaC^COgEt 

a^OEt 


1^ NHg 2) POCI3 



R 

Formula Vlll 




OEt 



Formula VII 



20 



Where, for example, the desired amino pyrazole of Formula VHI is not commercially 
available, preparation of the Formula Vm pyrazole can be achieved, for example using 
methods described by Dorgan et. al. in J. Cheiru Soc, PerJdn Trans. 1980, 1 (4), 938-42, 
involving reaction of cyanoethyl hydrazine with a suitable aldehyde rI^^HO in a solvent 
such as ethanol, with heating, followed by reduction with, for example sodium in a 
solvent such as t-butanol. R^^ should be chosen so as to contain one less carbon atom 
than r1, for example r1^ = methyl will afford r1 = ethyl. 
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Formula VIII 

Alternatively, e.g. where the desired aimno pyrazole of Formula VDI is not commercially 
available, preparation of the compound of Formula VI can be achieved from the 
5 compound of Formula VII (e.g. Intermediate 1 wherein r1 = ethyl), using a generalised 
version of the reaction scheme shown in Example 43, especially that part relating to 
conversion of Intermediate 1 to Intermediate 38. In this method: the 4-chloro pyrazole of 
Formula Vm is optionally converted to tiie 4-alkoxy (e.g. Ci_4alkoxy) pyrazole (e.g. 

Intermediate 35); the r1 group is removed (to e.g. Intermediate 36 where r1 = H), the 4- 
10 amino R^NH group is inserted by displacing the 4-chloro or 4-alkoxy group by reaction 
with r3nH2 (e.g. to Intermediate 37); and the pyrazolopyridine is alkylated at N-1 by 
reacting it with rI-X^O where X^^ is a group displaceable by the N-1 nitrogen of the 
pyrazolopyridine in order to re-insert the desired r1 group (e.g. Intermediate 38 
synthesis). X^O can for example be a halogen, e.g. CI, Br or I; or X can be ~0-S02-R'*^ 
15 where r40 is Ci^aUcyl, Ci.2fluoroalkyl, or phenyl optionally substituted by Ci,2alkyL 

Process B 

20 Compounds of formula (I) which are compounds of Formula lA can alternatively be 
prepared by reaction of a compound of Formula IX with an amine of formula r3nH2 , 
preferably in a solvent such as ethanol or acetonitrile, in the presence of a base such as 
DIPEA. Heating may be required to effect the conversion: 




Compounds of Formula DC can themselves be prepared by reaction of a compound of 
Formula X with phosphorous oxychloride in a suitable solvent such as acetonitrile. The 
reaction may require heating: 
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POCU 




o 



Formula X 



Formula IX 



Compounds of Fonnvaa X can be prepared by initial reaction of an acid of Formula XI 
with standard amide coupling reagents such as EDC/HOBT or with thionyl chloride, 
followed by reaction of the thus fomied activated intetmediate with an acid hydrazide of 
Formula RYCONHNH2: 




COgH 



1)SOCl2 



N. 



2) RYCONHNH2 Y 




Formula Xt 



Formula X 



10 Acids of Formula XL can thenaselves be prepared by hydrolysis of an ester of Foraiula 
Vn using a base such as potassium hydroxide in a solvent such as aqueous dioxane. 




KOH, dioxane. water 




COgH 



Formula VII 



Formula XI 



15 Process C 

Compounds of Formula XH can be prepared by reaction of a compound of Formula IE 
with a reagent capable of inserting sulfur such as Lawesson's reagent, usually in a suitable 
solvent such as acetonitrile. The reaction may require heating: 




Formula II Formula XII 




Process D 



Compounds of Formula Xm can be prepared by reaction of a compound of Formula VI 
(RP = Et) with an amddoxime of formula rXc(NOH)NH2 and sodium ethoxide in the 
5 presence of molecular sieves and in a suitable solvent such as ethanoL 




Formula VI 



NaOEt 
Ethanol 




Formula XIU 



10 



Process E 

Compounds of Formula XIV can be prepared by reaction of a compound of Formula XV 
with a suitable acetimidate such as methyl acetinoidate (R^ = Me) and triethylamine in a 
suitable solvent such as ethanol: 




X. 



NaOEt 
Ethanol 




15 



Formula XV 



Formula XIV 



Compounds of Formula XV may themselves be prepared by reaction of a compound of 
Foraiula EI with a suitably substituted hydrazine derivative of Formula r2^NHNH2, under 
standard coupUng conditions. For example a coupling agent such as EDC may be used in 
20 the presence of hydroxybenzotriazole, in a suitable solvent such as DMF: 




Formula HI Formula XV 



Process F 
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To mabfe a compound of formula Q) whesrein Het is optionally substitute^ 
l,3-oxazol-2-yl, methods known to the skdUed person can be used. For example, the 5- 
carboxylic acid of Formula (m) can be converted to a 5-(optionaIly-substituted 
l,3-oxazol-2-yl)-pyrazolopyridine by the method shown in Example 41 or a modification 
of this method or by an analogous method. 

The present invention therefore also provides a method of preparmg a compound of 
formula (I) or a salt thereof, comprising : 

10 . 

(a) cycMsation of a compound of formula (II) to an optionally substituted 1,3,4-oxadiazol- 
2-yl derivative at the 5-position of the pyrazolopyridine ring system, for example in the 
presence of phosphorus oxychloride, or 

15 (b) reaction of a compound of formula (IX) with an amine of formula R^NHz, or 

(c) cyclisation of a compound of formula (H) to an optionally substituted 1,3,4-thiadiazol- 
2-yl derivative at the 5-position of the pyrazolopyridine ring system, for example in the 
presence of an agent capable of introducing sulfur such as Lawesson's reagent, or 

20 

(d) reaction of a compound of formula (WJ), with an amidoxime of formula 
rXc(NOH)NH2 or a salt thereof; or 

(e) reaction of a compound of formula (XV) to an optionally substituted 1,2,4-tiiazol- 3- 
25 yl or 5-yl derivative at the 5-position of the pyrazolopyridine ring system 

and optionally converting the compound of formula (I) into a salt e.g. a pharmaceutically 
acceptable salt 

30 Salt formation processes may optionally be as described elsewhere herein. 
Medical uses 

The present invention also provides a compound of formula CD or i pharmaceutically 
35 acceptable salt tiiereof for use as an active therapeutic substance in a mammal such as a 
human. The compound or salt can be for use in the treatment and/or prophylaxis of any 
of the conditions described herein (e.g. for use in the treatment and/or prophylaxis of an 
inflanmiatory and/or allergic disease in a mammal) and/or for use as a phosphodiesterase 
inhibitor e.g. for use as a phosphodiesterase 4 (PDE4) inhibitor. "Therapy" may include 
40 treatment and/or prophylaxis. 




Also provided is the use of a compound of formula (I) or a phaimaceutically acceptable 
salt thereof in the manufacture of a medicament (e.g. pharmaceutical composition) for the 
treatment and/or prophylaxis of an inflanmiatory and/or allergic disease in a mammal 
such as ahuman. 

5 

Also provided is a method of treatment and/or prophylaxis of an inflammatory and/or 
allergic disease in a mammal (e.g. human) in need thereof, which comprises 
adndnistering to the mammal (e.g. human) a therapeutically effective amount of a 
cornpound of formula (J) as herein defined or a pharmaceutically acceptable salt thereof. 

10 

Phosphodiesterase 4 inhibitors are thought to be useful in the treatment and/or 
prophylaxis of a variety of diseases, especially inflammatory and/or allergic diseases, in 
mammals such as humans, for example: asthma, chronic bronchitis, emphysema, atopic 
' dermatitis, urticaria, allergic rhinitis, allergic conjunctivitis, vernal conjunctivitis, 
15 eosinophilic granuloma, psoriasis, rheumatoid arthritis, septic shock, ulcerative colitis, • 
Crohn's disease, reperfusion injury of the myocardium and brain, chronic 
glomerulonephritis, endotoxic shock, adult respiratory distress syndrome, or multiple 
sclerosis. 

20 In the treatment and/or prophylaxis, the inflammatory and/or allergic disease is preferably 
chronic obstructive pulmonary disease (COPD), asthma, or allergic rhinitis in a mammal 
(e.g. human). More preferably, the treatment and/or prophylaxis is of COPD or asthma in 
a mammal (e.g. human). PDE4 inhibitors are thought to be effective in the treatment of 
asthma (e-.g. see M.A.Giembycz, Drugs, Feb. 2000, 59(2), 193-212; Z. Huang et al., 

25 Current Opinion in Chemical Biology, 2001, 5: 432-438; and refs cited therein) and 
COPD (e.g. see S.L. Wolda, Emerging Drugs, 2000, 5(3), 309-319; Z. Huang et al., 
Current Opinion in Chemical Biology, 2001, 5: 432-438; and refs cited therein). COPD 
is often characterised by the presence of airflow obstruction due to chronic bronchitis 
and/or emphysema (SL Wolda, 2000). 

30 

Pharmaceutical compositions and dosing 

For use in medicine, the compounds of the present invention are usually 
administered as a pharmaceutical composition. 

35 The present invention therefore provides in a further aspect a pharmaceutical 

composition comprising a compound of formula (I) or a pharmaceutically acceptable salt 
thereof and one or more pharmaceutically acceptable carriers and/or excipients. 

The pharmaceutical composition can be for use in the treatment and/or 
prophylaxis of any of the conditions described herein. 

40 The compounds of formula (I) and/or the pharmaceutical composition may be 

administered, for example, by oral, parenteral (e.g. intravenous, subcutaneous, or 
intramuscular), inhaled or nasal administration. Accordingly , the pharmaceutical 
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composition is preferably suitable for oral, parenteral (e.g. intravenous, subcutaneous, or 
intramuscular), inhaled or nasal administration: More preferably, the pharmaceutical 
composition is suitable for inhaled or oral administration, e.g. to a mammal such as a 
human. Inhaled administration involves topical administration to the lung e.g. by aerosol 
5 or dry powder composition. Oral administration to a human is most preferred. 

A pharmaceutical composition suitable for oral administration can be Hquid or 
solid; for example it can be a syrup, suspension or emulsion, a tablet, a capsule or a 
lozenge. 

A liquid formulation wiU generally consist of a suspension or solution of the 
10 compound or pharmaceutically acceptable salt in a suitable pharmaceutically acceptable 
liquid cairier(s), for example an aqueous solvent such as water, ethanol or glycerine, or a 
non-aqueous solvent, such as polyethylene glycol or an oil. The formulation may also 
contain a suspending agent, preservative, flavoxiring and/or colouring agent. 

A pharmaceutical composition suitable for oral administration being a tablet can 
15 comprise one or more pharmaceutically acceptable carriers and/or excipients suitable for 
preparing tablet formulations. Examples of such carriers include lactose and cellulose. 
The tablet can also or instead contain one or more pharmaceutically acceptable 
excipients, for example binding agents, lubricants such as magnesium stearate, and/or 
tablet disintegrants. 

20 A pharmaceutical composition suitable for oral administration being a capsule can 

be prepared using encapsulation procedures. For example, pellets containing the active 
ingredient can be prepared using a smtable pharmaceutically acceptable carrier and then 
filled into a hard gelatin capsule. Alternatively, a dispersion or suspension can be 
prepared using any suitable pharmaceuticaUy acceptable carrier, for example an aqueous 

25 gum or an oil and the dispeirsion or suspension then filled into a soft gelatin capsule. 

A parenteral composition can comprise a solution or suspension of the compoxmd 
or phaimaceutically acceptable salt in a sterile aqueous carrier or parenterally acceptable 
oil. Alternatively, the solution can be lyophilised; die lyophiUsed parenteral 
pharmaceutical composition can be reconstituted with a suitable solvent just prior to 

30 administration. 

Compositions for nasal or inhaled administration may conveniently be formulated 

as aerosols, drops, gels or dry powders. 

Aerosol formulations, e.g. for inhaled administration, can comprise a solution or 
fine suspension of the active substance in a pharmaceutically acceptable aqueous or non- 
35 aqueous solvent Aerosol formulations can be presented in single or multidose quantities 
in sterile form in a sealed container, which can take the form of a cartridge or refill for 
use with an atomising device or inhaler. Alternatively the sealed container may be a 
unitary dispensing device such as a single dose nasal inhaler or an aerosol dispenser fitted 
with a metering valve (metered dose inhaler) which is intended for disposal once the 
40 contents of the container have been exhausted. 

Where the dosage form comprises an aerosol dispenser, it preferably contains a 
suitable propellant under pressure such as compressed air, carbon dioxide, or an organic 
propellant such as a chlorofluorocarbon (CFC) or hydrofluorocarbon (HFC). Suitable 




CFC propellants include dichlorodifluoromethane, trichlorofluoromethane and 
dichlorotetrafluoroethane. Suitable HFC propellants include 1,1,1,2,3,3>3- 
heptafluoropropane and 1,1,1,2-tetrafluoroethane. The aerosol dosage forms can also 
take the form of a pump-atomiser. 
5 Optionally, in particular for dry powder inhalable compositions, a pharmaceutical 

composition for inhaled administration can be incorporated into a plurality of sealed dose 
containers (e.g. containing the dry powder composition) mounted longitudinally in a strip 
or ribbon inside a suitable inhalation device. The container is mpturable or peel-openable 
on demand and the dose, e.g. of the dry powder composition, can be administered by 

10 inhalation via the device such as the DISKUS TM device, marketed by GlaxoSmithKline. 
The DISKUS TM inhalation device is usually substantially as described in GB 2,242,134 
A, and in such device at least one container for the pharmaceutical composition in 
powder form (the at least one container preferably being a plurality of sealed dose 
containers mounted longitudinally in a strip or ribbon) is defined between two members 

15 . peelably secured to one another; the device comprises: means defining an opening station 
for the said at least one container; means for peeling the members apart at the opening 
station to open the container; and an outlet, communicating with the opened container, 
through which a user can inhale the pharmaceutical composition in powder form from the 
opened container. 

20 Preferably the composition is in unit dose form such as a tablet or capsule for oral 

administration, e.g. for oral administration to a human. 

In the pharmaceutical composition, each dosage unit for oral or parenteral 
administration preferably contains from 0.01 to 3000 mg, more preferably 0.5 to 1000 
mg, of a compound of the formula (I) or a pharmaceutically acceptable salt thereof, 

25 calculated as the free base. Each dosage unit for nasal or inhaled adnoinistration 

preferably contains firom 0.001 to 50 mg, more preferably 0.01 to 5 mg, of a compound of 
the formula (I) or a pharmaceutically acceptable salt thereof, calculated as the free base. 

The pharmaceutically acceptable compounds or salts of the invention can be 
administered in a daily dose (for an adult patient) of, for example, an oral or parenteral 

30 dose of 0.01 mg to 3000 mg per day or 0.5 to 1000 mg per day, or a nasal or inhaled dose 
of 0.001 to 50 mg per day or 0.01 to 5 mg per day, of the compoxmd of the formula (J) or 
a pharmaceutically acceptable salt thereof, calculated as the free base. 

Combinations 

35 

The compounds, salts and/or pharmaceutical compositions according to the invention 
may also be used in combination with another therapeutically active agent, for example, a 
P2 adrenoreceptor agonist, an anti-histamine, an anti-allergic or an anti-inflammatory 
agent. 

40 

The invention thus provides, in a further aspect, a combination comprising a compound 
of formula (I) or a pharmaceutically acceptable salt thereof together with another 



10 
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therapeutically active agent, for example, a P^-adrenoreceptor agonist, an anti-histamine, 
an anti-allergic, an anti-inflammatory agent or an antiinfective agent. 

Examples of P^-adrenoreceptor agonists include salmeterol (eg as racemate or a single 
enantiomer such as the R-enantiomer), salbutamol, formoterol, sahnefamol, fenoterol or 
terbutaline and salts thereof, for example the xinafoate salt of salmeterol, the sulphate 
salt or free base of salbutamol or the fumarate salt of formoterol. Long-acting P^- 
adrenoreceptor agonists are preferred, especially those having a therapeutic effect over a 
24 hour period such as salmeterol or formoterol. 

Preferred long acting P^-adrenoreceptor agonists include those described in WO 
02/66422A. 

Especially preferred long-acting p^^-adrenoreceptor agonists incliide compounds of 



HOCHg 



15 fonnula(X): 

-CHCH^NHCR'^R'^CCH^) — OH-(CH2)„ (\ ^ ^/) (X) 





or a salt or solvate thereof, wherein in formula (X)- 
m is an integer of j&rom 2 to 8; 
n is an integer of from 3 to 11, 
20 with the proviso that m + n is 5 to 19, 

R^^ is -XSOaNR^^" wherem X is -(CH2)p- or alkenylene; 

R^^ and R" are independently selected from hydrogen, Ci-ealkyl, C3-7cycloalkyl, 

C(0)NR^^^^ phenyl, and phenyl (Ci^alkyl)-, 

or R^^ and R^*^, together with the nitrogen to which they are bonded, form a 5-, 6-, or 7- 
25 membered nitrogen containing ring, and R^*^ and R" are each optionally substituted by 

one or two groups selected from halo, Ci-ealkyl, Ci-ehaloalkyi, Ci-ealkoxy, hydroxy- 

substituted Ci.6alkoxy, -S02NR'*^R'^ -CONR''R*^ -NR'*C(0)R'^ or a 5-. 6- 

. . or 7-membered heterocylic ring; 

R^^ and R^^ are independently selected from hydrogen, Ci^alkyl, 
30 Cs^cycloalkyl, phenyl, and phenyl (Ci^allcyl)-; and 

p is an integer of from 0 to 6, preferably from 0 to 4; 

R^^ and R^^ are independently selected from hydrogen, Ci^alkyl, Ci_6alkoxy, halo, 
phenyl, and Ci^aloalkyl; and 

R^"* and R^^ are independently selected from hydrogen and Ci-4alkyl with the proviso that 
35 the total number of carbon atoms in R^"^ and R^^ is not more than 4. 



Examples of anti-histamines include methapyrilene or loratadine. 
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The invention also provides, in a further aspect, a combination comprising a compound of 
formula (I) or a phannaceutically acceptable salt thereof together with an anticholinergic 
compound, e.g. a muscarinic (M) receptor antagonist in particular an Mi, M2, M1/M2, or 
M3 receptor antagonist. For combinations of anticholinergic compounds / muscarinic 

5 (M) receptor antagonists with PDE4 inhibitors, see for example WO 03/011274 A2 and 
WO 02/069945 A2 / US 2002/0193393 Al and US 2002/052312 Al, and some or an of 
these publications give examples of anticholinergic compounds / muscarinic receptor 
antagonists which may be used with the compounds of formula (J) or salts. 

10 Other suitable combinations include, for example, other anti-inflammatory agents eg. 
NSAIDs (eg. leukotriene antagonists, iNOS inhibitors, tryptase and elastase inhibitors, 
beta-2 integrin antagonists and adenosine 2a agonists) or antiinfective agents (eg. 
antibiotics, antivirals). 

15 The combinations referred to above may conveniently be presented for use in the form of 
a pharmaceutical composition and thus a pharmaceutical composition comprising a 
combination as defined above together with one or more pharmaceutically acceptable 
carriers and/or excipients represent a further aspect of the invention. 

20 The individual compounds of such combinations may be administered either sequentially 
or simultaneously in separate or combined pharmaceutical composition(s). 

Biological Test Methods 

25 

PDE 3, PDE 4B, PDE 5 Primary assay methods 

The activity of the compounds can be measured in the assay methods shown below. 
Preferred compounds of the invention are selective PDE4 inhibitors, i.e» they inhibit 
30 PDE4 (e.g. PDE4B and/or PDE4D) more strongly than they inhibit PDE3 and/or more 
strongly than they inhibit PDE5. 

Human recombinant PDE4B 

35 Human recombinant PDE4B, in particular one splice variant thereof, is disclosed in 

WO 94/20079 and also M.M. McLaughlin et al., (A low Km, rolipram-sensitive, cAMP- 
specific phosphodiesterase from human brain: cloning and expression of cDNA, 
biochemical characterisation of recombinant protein, and tissue distribution of mRNA, J. 
Biol Chem., 1993, 268, 6470-6476). Human recombinant PDE4B was expressed in the 

40 PDE-deficient yeast Saccharomyces cerevisiae strain GL62. 100,000 x g supematant 
fractions of yeast cell lysates were used for PDE4B assays and inhibitor studies. 




Inhibition ofPDE 5, PDE 4B, or PDF S activity 

The ability of compoxmds to inhibit catalj^c activity at PDE4B (human recombinant), 
5 PDE3 (from bovine aorta) or PDE5 (hmnan recombinant) was determined by Scintillation 
Proxinodty Assay (SPA) in 96-well format. Test compomids were preincubated at ambient 
temperature in Wallac Isoplates (code 1450-514) with PDE enzyme in 5QmM. Tris-HQ 
buffer pH 7.5 , 8.3mM MgCh, 1.7mM EGTA, 0.05% (w/v) boVine serum albumin for 10- 
30 nodnutes. The enzyme concentration was adjusted so that no more than 20% 

10 hydrolysis of the substrate occurred in control wells without compoxmd, during the 
incubation. ForPDE3 andPDE4B assay [5 *,8-^H] Adenosine 3 ',5 '-cyclic phosphate ( 
Amersham Pharmacia Biotech , code TRK.559) was added to give 0.05uCi per well and ~ 
lOnM final concentration. For PDE5 assay [8-^H]Guanosine 3',5*-cyclic phosphate ( 
Amersham Pharmacia Biotech , code TRK.392) was added to give O.OSuCi per well and - 

15 36nM final concentration. Plates were mixed on an orbital shaker for 5 minutes and 

incubated at ambient temperature for 1 hour. Phosphodiesterase SPA beads (Amersham 
Pharmacia Biotech, code RPNQ 0150) were added (-Img per well) to terminate the 
assay. Plates were sealed and shaken and allowed to stand at ambient temperature for 
Ihour to allow the beads to settle. Bound radioactive product was measured using a 

20 WALLAC TEOLUX 1450 Microbeta scintillation counter. For inhibition curves, 10 

concentrations (1.5-M - 30uM) of each compoimd were assayed. Curves were analysed 
using ActivityBase and XLfit (ID Businesss Solutions Limited ) Results were expressed 
as pICso values. 

Biological Data obtained for some of the Examples (PDB4B inhibitory activity, either 
25 as one reading or as an avarage of ca. 2-6 readings) are as follows. Absolute accuracy is 
not possible, and the readings given are accurate only up to about ± 0.5 of a log unit: 



Example 


PDE4B pICso 


6 


8.1 


10 


8.2 


12 


7.9 


14 


7.6 


23 


8.2 


24 


8.2 


42 


8.3 



Most or substantially all of the Examples have PDE4B inhibitbry activities in the range of 
30 pICso = about 5.5 to about 8.5 (± 0.5), more usually about 6 to about 8.5 (± 0.5). 

Emesis: Many known PDE4 inhibitors cause emesis and/or nausea to greater or 
lesser extents (e.g. see Z. Huang et al.. Current Opinion in Chemical Biology^ 2001, 5: 
432-438, see especially pages 433-434 and refs cited therein). Therefore, it would be 
preferable but not essential if a particular PDE4 inhibitory compotmd of the iirvention 
35 were to cause only limited or manageable emetic side-effects. Emetic side-effects can for 
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example be measured by the emetogenic potential of the compound when administered to 
ferrets; for example one can measure the time to onset, extent, frequency and/or duration 
of vomiting, retching and/or writhing in ferrets after oral or parenteral administration of 
the compound. See for example A. Robichaud et al., "Emesis induced by inhibitors of 
[PDE rV] in the ferret", Neuropharmacology, 1999, 38, 289-297, erratum 
Neuropharmacology, 2001, 40, 465-465. 

Other side effects: Many known PDE4 inhibitors cause other side effects such as 
headache and other central nervous sytem (CiSTS-) mediated side effects; and/or 
gastrointestinal (GI) tract disturbances. Therefore, it would be preferable but not 
essential if a particular PDE4 inhibitory compound of the invention were to cause only 
limited or manageable side-effects in one or more of these side-effect categories. 

All publications, including but not limited to patents and patent applications, cited in this 
specification are herein incorporated by reference as if each individual publication were 
specifically and individually indicated to be incorporated by reference herein as though 
folly set forth. 



P33153P2 



35 



EXAMPLES 

The various aspects of the invention will now be described by reference to the following 
examples. These examples are merely illustrative and are not to be construed as a 
limitation of the scope of the present invention. La this section, "Intermediates" represent 
syntheses of intermediate compounds intended for use in the synthesis of the 'Examples". 



10 Abbreviations used herein: 



15 



20 



25 



30 



35 



40 



BEMP 2-t-butylimino-2-diethylamino-13-dimethylperhydro-13,2-di^ 

DBU 1 ,8-Diazabicyclo[5-4.0]undec-7-ene 

DCM dichloromethane 

DMF dimethyl formamide 

EtO Ac ethyl acetate 

Et20 diethyl ether 

EDC l-(3-Dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride 

h hours 

HOBT hydroxybenzotriazole 

HATU 0-(7-Azabenzotriazol-l-yl)-N,NJ^^'J^^-tetramethyluronium 
hexafluorophosphate 

HBTU 0-CBenzotriazol-l-yl)~NJ<I,N\N -tetramethyluronitun hexafluorophosphate 
HPLC High performance liquid chromatography 
LCMS liquid chromatography / mass spectroscopy 
MeCN acetonitrile 
MeOH methanol 

NMR nuclear magnetic resonance (in which: s = singlet, d = doublet, t = triplet, q = 
quartet, dd = doublet of doublets, m = multiplet, n H means that n is the 
number of protons) 

DIPEA NJN-<iiisopropylethylanadne (iPr2NEt) 

SPE solid phase extraction 

TBTU 0-(Benzotriazol- l-yl)-N JSr,N',N -tetramethyluronium tetrafluoroborate 

TEIF Tetrahydrofuran 

Tret retention time 

TLC thin layer chromatography 

Lawesson's reagent 2,4-bis(4-methoxyphenyl)-l,3-dithia-2,4-diphosphetane-2,4- 
disulphide 

Burgess Reagent (Methoxycarbonylsulphamoyl)triethylaiimionium hydroxide 
Machine Methods used herein: > 



LCMS (liquid chromatography /mass spectroscopy) 
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10 



15 



20 



Waters ZQ mass spectrometer operating in positive ion electrospray mode, mass range 
100-1000 amu. 

UV wavelength : 215-330nM 

Colxinm : 3.3cm x 4.6mm ID, 3}Jm ABZ+PLUS 

Flow Rate : 3nil/min 

Injection Volume : Spl 

Solvent A : 95% acetonitrile + 0.05% formic acid 

Solvent B : 0.1% formic acid + lOmMolar anunonium acetate 

Gradient : 0% A/0.7min, 0-100% A/3.5min, 100% A/l.lmin, 100-0% A/0.2min 

Mass directed autoprep HPLC 

The prep colunm used was a Supelcosil ABZplus (10cm x 2.12cm) 

UV wavelength : 200-320nM 

Flow : 20ml/min 

Injection Volume: 1ml 

Solvent A : 0.1% formic acid 

Solvent B : 95% acetonitrile + 5% formic acid 

Gradient : 100% A/lmin, 100-80% A/9min, 80-1% A/3.5min, 1% A/1.4min, 1- 
100%A/0.1min 

Microwave 

The CEM Discover Focused Microwave Synthesis system was used. 



25 Intermediates and Examples 

All reagents not detailed in the text below are commercially available from established 
suppliers such as Sigma-Aldrich. 

30 Table of Intermediates 



Intermediate 
Nmnber 


Name 


1 


Ethyl 4-chloro-l -ethyl- lH-pyrazolo[3 ,4-b]pyridme-5 -carboxylate 


2 


Ethyl 4-(cyclopentylamiQo)- 1 -ethyl- IH-pyrazolo [3 ,4-b]pyridine-5 -carboxylate 


3 


4-(Cyclopentylamino)-l-ethyl-lH-pyrazolo[3,4-b]pyridine-5-carboxylic acid 


4 


N'-Acetyl-4-(Cyclopentylairdno>l-ethyl-lH-pyra2»lo[3,4-b]pyridine-5- 
carbohydrazide 


5 


4-(C^clopentylamino)-l-ethyl-N'-[(methyls\ilfonyl)acetyl]-lH-pyr^^ 
b]pyridine-5-carbohydra2ide 


6 


Ethyl 4-(4-fluorophenylan3mo)-l-ethyl-lH-pyrazolo[3,4-b]pyridicie-5- 
carboxylate 


7 


4-(Oyclopentylammo)-l-ethyl-N-[methyl]-lH-pyrazolo[3,4-^^^ 






carbohydrazide 


8 


Metbanesulf onyl acetic acid hydrazide 


9 


Acetamidoxime 


10 


4-<Cyclopentylaiimio)-l-e1hyl-N-isobutyryl-lH-pyrazol^ 
carbohydrazide 


11 


4-CMoro-l-ethyl-lH-pyrazolo[3,4-b]pyridme-5"Carboxylic acid 


12 


4-ailoro-l-ettiyl-5<5-inethyl-13,4K>xadiazol-2-yl)-lH-pyrazolo 
blpyridine 


13 


4-ailoro-l-^thyl-5<5-isopropyl-13,4K)xadiazol-2-yl)-lH^^ 
blpyridine 


14 


5K5-Tert-butyl-1.3.4-<)xadiazol-2-yl)-4-^Uoro-l-«thyl-lH-py^ 
blpyridine 


15 


4-CMoro-l-^thyl-5-{ 5-[(methylsiilfonyl)methyl3-l ,3^ 
pyrazolo[3,4-blpyridine 


16 


Ethyl l-ethyl-4<tetrahydro-2H-pyran-4-ylanmo)-lH-pyrazolo[3,4 
5-carbbxylate 


17 


l-Ethyl-4-(tetrahydro-2H-pyran-4-ylaniino)-lH-pyrazolo[3,^^^ 
carboxylic acid 


18 


Tert-butyl 2-{[l-ethyl-4-(tetrahydro-2H-pyran-4-ylamino)-lH-pyrazolo[3,4- 
b]pyridin-5-yl]carbonyl}hydrazineGarboxylate 


19 


l-Ethyl-4<tetrahydro-2H-pyran-4-ylaanino)-lH-pyrazolo[3,4-^^ 
carbohydrazide dihydrochlonde 


20 


N'-(C^clopropylcarbonyl)-l-ethyl-4-(tetrahydro-2H-pyraQ-4-ylamino)-lH- 
pyrazolo[3,4-b]pyndine-5-carbohydraziae 


21 


Tetxahydro-2H-pyran-4-araine = 4-ADainotetrahydropyran 


21A 


Tetrahydro-2H-pyran-4-anmie nydrocnlonae = 4-aiiimoteiranyciropyran . 
hydrochlonde 


22 


N^-Hydroxy-2-methoxyethanumaamiae 


23 


2-0Diniethylainiao)-N'-hydroxyethanirQidarDide 


24 


N^-Hydroxy-2-morpholin-4^-ylethammiaaiiuae 


25 


l-Acetyl-4-aminopiperidine hydrochloride 


26 


3-Methyloxetane-3-carboxylic acid 


27 


(4-Methylpiperazm-l-yl)acetic acid 


28 


(Isopropylainino)(oxo)acetic acid 


29 


l-Methyl-5-oxopyirolidine-3-carboxylic acid 


30 


Tetrahydro-2H-pyran-4-carboxylic acid 


31 


Morpholin-4-ylacetic acid 


32 


Tert-butoxyacetic acid 


33 


Methyl (2S)-2-({[l-^thyl-4-(tetrahydro-2H-pyran-4-ylamin^^^ 
pyrazolo[3,4-fe]pyridin-5-yl]carbonyl}araino)-3-hydroxypropanoate 


34 


l-Ethyl-A^<2-hydroxy-l-methylethyl>4-(te]^ 
ylajQaino)-lif-pyrazolo[3,4-d]pyridine-5"Carboxainide 
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Tntermpjilaf A 1 ; £thyl 4-cUoro-l-ethyl-lH-pyrazoIo[3,4-b]pyridme-5-carboxylate 

Prepared from commercially available 5-amino-l-ethyl pyrazole as described by G. Yu 
et al. in/. Med Chem., 2001, 44, 1025-1027: 



Et l^-^N* 

Et 



COaEt 



Intermediate 2; Ethyl 4-(cycIopentylamino)-l-ethyl-lH-pyrazoIo[3,4-b]pyridme-5- 
carboxylate 



P 

HN 



COgEt 



Bitermediate 1 (O.OSlg) and cyclopentyl amine (0.019g) were suspended in ethanol (2ml) 
and trieHiylamdne (0.14ml) was added. The mixture was stirred under nitrogen and heated 
at 80°C for 16h. After cooling to room temperature, ethanol was removed by evaporation 
under a stream of nitrogen and the residue partitioned between DCM and water. The 
organic layer was loaded directly onto an SPE cartridge (silica, 5g) and eluted 
sequentiaUy with; (i) DCM, (ii) DCM : EtaO (2:1), (iii) DCM : EtzO (1:1), (iv) EtzO, (v) 
EtOAc and (vi) MeOH. Fractions containing desired material were combined and 
concentrated in vacuo to afford Intermediate 2 (0.074g). LCMS showed MET = 303; Trbt 
= 3.45min 

Intermediate 3; 4-(Cyclopentylamino)-l-efliyl-lH-pyrazoIo[3,4-b]pyridine-5- 
carboxylic acid 




A solution of Intermediate 2 (2.2g) in ethanol: water (95:5, 16.85ml) was treated with 
sodium hydroxide (1.2g) and heated at 50°C for 16h. The mixture was concentrated in 
vacuo and the residue re-dissolved in water (0.85ml). The solution was acidified to pH4 




using acetic acid and the resultant white precipitate was collected by filtration and dried 
under vacuum to afford Ihtennediate 3 (1.9g). LCMS showed MET = 275; Tret = 
2.6Smin 



5 Intermediate 4; N'-Acetyl-4-(Cyclopentylamino)-l-ethyl-lH-pyrazolo[3,4- 




Intermediate 3 (0.066g), EDC (0.06g) and HOBT (0.035g) were suspended in DMF (2ml) . 

10 and the mixture was stirred for 15 minutes. Acetic hydrazide (0.02g) was then added and 
the noixture stirred under nitrogen for 18h. Solvents were removed by concentration in 
vacuo and the residue partitioned between DCM and water; The layers were separated 
and the organic phase was washed with saturated aqueous sodium bicarbonate solution, 
then concentrated and applied to an SPE cartridge (aminopropyl, Ig) which was eluted 

15 with methanol. Concentration in vacuo afforded Intermediate 4 (0.043g). LCMS showed 
MH^ = 331; Tref = 2.38min. 

Intermediate St 4-(Cyclopentylamino)-l-ethyl-N*4(methyIsulfonyI)acetyl]-lH-. 
pyrazoIo[3,4-b]pyridine-5-carbohydrazide 




Interinediate 3 (0.12g), EDC (0.12g) and HOBT (0.072g) were suspended in DMF (2ml) 
and stirred for 15 minutes. Intermediate 8 (0.082g) was then added and the mixture stirred 
under nitrogen for 18h. Reaction was incomplete so a further portion of Intermediate 8 

25 was added (0.040g) and stirring continued for a further 66h. Solvents were removed in 
vacuo and the residue partitioned between DCM and water. The aqueous phase was 
further extracted with DCM and the combined organic layers applied to an SPE cartridge 
(silica, 5g) which was eluted sequentially with a gradient of Et20: MeOH (1:0, 9:1, 8:2, 
7:3 and 6:4). Fractions containing desired material were combined and concentrated in 

30 vacuo to afford iitermediate 5 (0.154g). LCMS showed MH** = 409; Tret = 2.42min. 
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Intermediate 6: Ethyl 4-(4-fluorophenylainino)-l-ethyI-lH-pyrazolo[3,4-b]py^ 
5-carboxylate 



5 Intermediate 1 (0.05 Ig) and 4-fluoroamline (0.024g) were suspended in ethanol (2ml) 
and triethylamine (0.14ml) was added. The mixture was stirred under nitrogen and heated 
at 80°C for 16h. After cooling to room temperature, ethanol was removed by evaporation 
under a stream of nitrogen and the residue partitioned between DCM and water. The 
organic layer was loaded directiy onto an SPE cartridge (silica, 5g) and eluted 
10 sequentially with; (i) DCM, (ii) DCM : EtjO (2:1), (iii) DCM : EtsO (1:1), (iv) EtaO, (v) 
EtOAc, (vi) MeOH. Fractions containing desired material were combined and 
concentrated in vacuo to afford Intermediate 6 (0.077g). LCMS showed MH^ = 328; Tret 
= 3.36min. 

15 Intermediate 7; 4-(Cydopentylamino)-l-ethyl-N*[methyl]-lH*-pyrazolo[3,4-- 
* b]pyridme-5-carbohydrazide 



Intermediate 3 (O.lOg) was dissolved in DMF (2ml) and treated with HBTU (0.136g) and 
DIPEA (0.116g). A separate portion of Intermediate 3 (O.lOg) was dissolved in DMF 

20 (2ml) and treated with EDC (0.096g) and HOBT (0.058g). The resultant suspensions 
were both stirred under nitrogen for 15min, then methyl hydrazine (0.017g) added to each 
and stirring continued under nitrogen for 18h. The naixtures were independently 
concentrated in vacuo and the residues partitioned between DCM and water. The organic 
layers were concentrated and each applied to an SPE cartridge (aminopropyU 2g) which 

25 was eluted with methanol, followed by 10% ammonia in methanol. The two portions of 
iQtermediate 7 thus afforded were combined (0,16g). LCMS showed MlT = 303; Trft = 
2.22min. 
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Intermediate 8; Methanesulfonyl acetic acid hydrazide 

Prepared from commercially avaUable ethyl methylsulphonyl acetate as described by D. 
E. Bays et. al. in EP 50407 : 

Intermediate 9; Acetamidoxime 

►OH 



X 



Can be prepared from aqueous hydroxylamine and acetonitrile as described by J. J. 
Sahbari et al. in WO 00032565. 



Intermediate 10; 4-(Cvclopentv]aminn^-1 -ftthyl-NT'-isnhntyryl-l TT.pyi-g-^nl«^p 4. 

b]pyridine-5-carbohydrazide 




Intermediate 3 (0.060g), EDC (0.06g) and HOBT (0.035g) were suspended in DMF (2ml) 
and stirred under nitrogen for 15 minutes. Isobutyric acid hydrazide (0.027g) was then 
added and the mixture stirred under nitrogen for 18h. Solvents were removed in vacuo 
and the residue partitioned between DCM and water. The organic phase was washed with 
saturated aqueous sodium bicarbonate solution, then concentrated in vacuo and applied to 
an SPE cartridge (aminopropyl, Ig) which was eluted with methanol. Concentration in 
vacuo afforded Intermediate 10. LCMS showed MlT = 359; Trbf = 2.70min. 

Intermediate 11; 4-Chloro-l-ethyl-lH-pyrazolo[3,4-b]pyridine-5-carboxyIic acid . 




Et 

A solution of Intermediate 1 (3.5g) in dioxane (28nil) was treated with potassium 
hydroxide (6.3g) as a solution in water (20ml). The mixture was stirred for 2h, then 
concentrated in vacuo, acidified to pH 3 with 2M aqueous hydrochloric acid and 
extracted with ethyl acetate. The layers were separated, the organic layer dried over 
sodium sulphate, then concentrated in vacuo to afford Intermediate 11 as a white solid 
(2.4g). LCMS showed ME^" = 226; Trkt = 2.62min. . 




Intermediate 12; 4 -Chloro-l-ethyl-5-(5-inetfayl-13,4-oxadiazol-2-yl)-lH- 
pyrazolo[3,4-b]pyridine 

OU ° 

Et 

5 Intennediate 11 (0.4g) was dissolved in thionyl chloride (3DaI) and the mixture was 
heated at reflux (95°C) with stirring for Ih. After cooling to room temperature, excess 
thionyl chloride was removed by evaporation under reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (2rDl). This solution was added to a solution of 
acetic hydrazide (0.145g) and diisopropylethylamine (0.465nil) in anhydrous acetonitrile 
10 (2ml), and the mixture stirred for a further 2h. The mixture was concentrated in vacuo 
and the residue treated directly witii phosphorus oxychloride (4ml). The resultant solution 
was stirred and heated at reflux (120^*0) for 0.5h, then allowed to cool and purified by 
Biotage (silica, 40g), eluting with cyclohexane : EtOAc (1:1) to afford Intermediate 12 
(0.32g). LCMS showed MlT = 264; Trff = 2.55 min. 

15 

Intermediate 13: 4 >Chloro-l>ethYl-S-(S-isopropyM3,4>oxadiazol-2>yl)-lH- 
pyrazolo[3,4-b]pyridine 



Et 

Intermediate 11 (0.05g) was dissolved in thionyl chloride (1ml) and the mixture was 
20 heated at reflux (95°C) with stirring for Ih. After cooling to room temperature, excess 
thionyl chloride was removed by evaporation under reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (0.5ml). This solution was added to a solution of 
isobutyric acid hydrazide (0.025g) and diisopropylethylamine (0.058ml) in anhydrous 
acetonitrile (1ml), and the mixture stirred for a further 1.5h. The mixture was 
25 concentrated in vacuo and the residue treated directiy with phosphoms oxychloride (2ml). 
The resultant solution was stirred and heated at reflux (120*'C) for 2h, then allowed to 
cool and concentrated in vacuo. The residue was applied to an SPE cartridge (silica, 5g) 
which was eluted sequentially with a gradient of EtOAc : cyclohexani (i) 1:16, (ii) 1:8, 
(iii) 1:4, (iv) 1:2, (v) 1:1 and (vi) 1:0. Fractions containing desired material were 
30 combined and concentrated in vacuo to afford Intermediate 13 (0.049g). ICMS showed 
M£t = 292; Trbi = 2.96min. 
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pyrazolo[3,4-b]pyridine 




I 

Et 



Inteimediate 11 (0.40g) was dissolved in thionyl chloride (3ml) and the mixture was 
5 heated at reflux (95°C) with stining for Ih. After cooling to room temperature, excess 
thionyl chloride was removed by evaporation under reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (2ml). This solution was added to a solution .of 
pivalic acid hydrazide (0.228g) and diisopropylethylamine (0.465ml) in anhydrous 
acetonitrile (2ml), and the mixture stirred for a further 1.5h. The mixture was 
0 concentrated in vacuo and the residue treated directly with phosphorus oxychloride (5ml). 
The resultant solution was stirred and heated at reflux (120°C) for 1.5h, then aUowed to 
cool, concentrated in vacuo and purified by Biotage (silica, 40g), eluting with petroleum 
ether (40/60) : EtOAc (1:1) to afford Intermediate 14 (0.388g). LCMS showed MEt = 
306; Tret = 3,14 min. 



Intermediate 15; 4-CMoro-l-etfayl-5-{S-[(methyIsulfonyI)methyl]-l,3,4-oxadiazor-2- 
yl}-lH-pyrazoIo[3,4-b]pyridine 



Intermediate 11 (0.68g) was dissolved in thionyl chloride (4ml) and the mixture was 
20 heated at reflux (95°C) with stirring for Ih. After cooling to room temperature, excess 
fliionyl chloride was removed by evaporation xmder reduced pressure and the resultant 
solid dissolved in anhydrous acetonitrile (3ml). This solution was added dropwise over 5 
minutes to a solution of Intermediate 8 (0.504g) and diisopropylethylamine (0.787ml) in 
anhydrous acetonitrile (12ml), and the mixture then stirred for a further Ih. The mixture 
25 was concentrated in vacuo and the residue treated directly with phosphorus oxychloride 
(8ml). The resultant solution was stirred and heated at reflux (120°C) for 2.5h, then 
allowed to cool, concentrated in vacuo and purified by Biotage (silica, 40g), eluting first 
with petroleum ether (40/60) : EtOAc (2:1), then with petroleum ether (40/60) : EtOAc 
(1:1). Fractions containing desired material were combined, concentrated in vacuo and 
30 the residue further purified by trituration with diethyl ether to afford Intermediate 15 
(0.41g). LCMS showed Mtt = 342; Trht = 2.46 min. 



15 




Et 



r 
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Tntermediatel6t Ethyl l.ethyl-4-(tetrahydro-2H-pyran-4-ylaiiiino)-lH-pyrazolo[3,4- 
blpyridine-5-carboxylate 

X7 



25 




COgEt 



5 latennediate 1 (0.20g) and triethylainine (0.55ml) were suspended in ethanol (Sml) and 
4-aininotetrahydropyran (Intennediate 21. 0.088g) was added. The mixture was stiired 
under nitrogen, heated at 80°C for 16h, then concentrated in vacuo. The residue was 
partitioned between DCM and water. The layers were separated and the organic layer was 
loaded direcdy onto an SPE cartridge (silica, 5g) which was eluted sequentially witl; (i) 

10 DCM, (ii) DCM : Et^O (2:1). (iu) DCM : Et^O (1:1), (iv) Et^O and (v) EtOAc. Fractions 
containing desired material were combined and concentrated in vacuo to afford 
Intermediate 16 (0.21g). LCMS showed MlT = 319; Tret = 2.93min. 

Intermediate 17 ; l.Ethyl-4-(tetrahydro-2H-pyran-4-ylainmo)-lH-pyrazolo[3,4. 
15 b]pyridine-5-carboxylic acid 




.COgH 



A solution of Intermediate 16 (0.21g) in ethanol : water (95:5. 10ml) was treated with 
sodium hydroxide (0.12g). The mixture was heated at 50''C for 8h, then concentrated in 
vacuo, dissolved in water and acidified to pH 4 with acetic acid. The resultant white sohd 
20 was removed by filtration and dried under vacuum to afford Intermediate 17 as an off- 
white soUd (0.16g). LCMS showed MHT = 291; Tret = 2.11min. 

TntermediatelS ; Tert-butyl 2-{[l-ethyl-4-(tetrahydro-2H-pyran-4-yIainino)-lH- 
pyrazolo[3,4-b]pyridin-5-yl]carbonyl}hydrazinecarboxylate 




A suspension of Litermediate 17 (1.48g), EDC (1.34g) and HOBT (0.83g) in DMF 
(20ml) was stirred at room temperature for 30min. t-Butyl carbazate (0.68g) was then 
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added and stirring continued under nitrogen for a further 66h. The nodxture was 
concentrated in vacuo and the residue divided into two portions for purification. Each 
portion was applied to an SPE cartridge (aminopropyl, lOg) which was eluted with 
methanol and the combined eluents were concentrated in vacuo. Further purification was 
carried out by Biotage (silica, 40g), eluting with cyclohexane : ethyl acetate (1:4). 
Fractions containing desired material were combined and concentrated in vacuo to afford 
Litermediate 18 (1.39g). LCMS showed MBT^ = 405; Trbt = 2.64min. 

Intermediate 19: l-Ethvl-4-r tfttrahydrn>21T-pyran,d,ylaini»^)-1 TT.py^o^^l^p /t, 

b]pyridine-5-carbohydrazide dihydrochloride 




•^-NH. .2HCI 



Intemiediate 18 (1.39g) was treated with a 4M solution of hydrochloric acid in dioxane 
(8ml) and the mixture stirred under nitrogen for Ih. Concentration in vacuo afforded 
Intermediate 19 as a white soUd (1.17g). LCMS showed MH*" = 305; Tbet = 2.04min. 

Intermediate 20: N'.( Cvcloprnpylparhnnyn-1 -Athyl.4-(»afi.a1»y^^»--7TT-py^n-^- 

yIamino)-lH-pyfazolo[3,4-b]pyridine-5-carbohydrazide 




A solution of Intermediate 19 (0.045g) in THF (2ml) was treated with DIPEA (0.045ml), 
then with cyclopropylcarbonyl chloride (O.OlSg) and stirred at room temperature for 16h. 
The mixture was concentrated in vacuo and tihe residue partitioned between 
dichloromethane and water. The layers were separated and the organic layer concentrated 
in vacuo, then applied to an SPE cartridge (aminopropyl, Ig); The column was eluted 
with methanol to afford Intermediate 20 as a white solid (0.02g). LCMS showed MH* = 
373;TRKr = 2.15min. 

Intermediate 21; 4-Ammotetrahydropyraii 

Commercially available from Combi-Blocks Inc., 7949 Silverton Avenue, Suite 915, San 
Diego, CA 92126 (CAS 38041-19-9) 
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TiifAnrn»diate21At Tetrahydro-2H-pyran-4-amine hydrocWorfde = 
4-Aininotetrahydropyran hydrodiloride 





Stepl: N,N-dibenzyltetrahydro-2H-pyran-4-amine 

Dibenzylamine (34.5g) and acetic acid (6.7ml) were added to a stirred solution of 
tetrahydio-4H-pyran-4-one (16.4g, commMcially available from e.g. Aldrich) in 
dichloromethane (260ml) at 0 °C to 5 °C. After 2.5h at 0 °C to 5 "C. sodium 
triacetoxyborohydride (38.9g) was added portionwise, and the mixture was allowed to 
warm to room temperature. After stirring at room temperature overnight, the reaction 
mixture was washed successively with 2M-sodium hydroxide (200ml and 50ml), water (2 
X 50ml) and brine (50ml), then dried and evaporated to give a yellow oil (45g). This oil 
was stirred with methanol (50ml) at 4 °C for 30min to give the product as a white soUd 
(21.5g). LCMS showed Mtr= 282; Tret = 1-98 min. 

Step 2: Tetrahydro-2H-pyran-4-amme hydrochloride 

iV,A^-dibenzyltetrahydro-2H-pyran-4-amine (20.5g) was dissolved in ethanol (210ml) and 
hydrogenated over 10% palladium on carbon catalyst (4g) at 100 psi for 72h at room 
temperature. The reaction mixture was filtered and the filtrate was adjusted to pH 1 with 
2M-hydrogen chloride in diethyl ether. Evaporation of solvents gave a solid which was 
triturated with diethyl ether to give the product as a white solid (9.23g). NMR 
(400MHz. dfi-DMSO, 5ppm) 8.24 (br. s, 3H), 3.86 (dd, 12, 4Hz, 2H). 3.31 (dt, 2. 12Hz, 
2H), 3.20 (m, IH), 1.84 (m, 2H), 1.55 (dq, 4. 12Hz, 2H).. 

Intermediate 22; N'-Hydroxy-2-me&oxyethaiiiinidainide 



A solution of methoxyacetonitrile (12.26g) in ethanol (220ml) was treated with 
hydroxylamine hydrochloride (11.95g) followed by potassium carbonate (22.9g) and 
heated under reflux for 2 days. The mixture was concentrated in vacuo, then partitioned 
between ethylacetate and water. Hie organic layer was concentrated in vacuo to afford 
Intennediate 22 as a colourless Uquid (7.6g). NMR (CDCI3) 7.16 (3H, s). 7.67 (s, 2H), 
9.32 (brs, 2H), 13.08 (IH, s). 




OH 



15 
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Ihtermediflte 2-(Dimethylaiiimo)-N'-hydro3Qretfaaiuinidaiiiide 

Can be prepared in an analogous manner to Intermediate 9, starting from dimethylamino 
acetonitrile. 



Intermediate 24; N'-Hydroxv-2-morpholin.4-yleth animi Hamirf«. 

% 




^OH 



NH, 



'2 



Can be prepared in an analogous manner to Intermediate 9, starting from morpholino 
acetonitrile (itself commercially available from TCI America, 9211 North Harborgate 
10 Street, Portland, OR 97203, USA). 

Intermediate 25: l-Acetyl-4-amlnopiperidine hydrochloride 

Prepared from cormnercially available Nl-benzyl-4-aininopiperidine as described by 
Yamada et. al In WO 00/4201 1 : 



y^Boc NHBoc NHBoc NH^ .HCI 

HJP6,o J^ AC3O A. HCI f\ 




Intermediate 26; 3-Metfayioxetane-3-carboxylic acid 



20 O 

Can be prepared by oxidation of 3-Methyl-3-oxetanemethanol (commerciaUy available 
from e.g. Huka, CAS 3143-02-0) according to the procedure described by H. Fiege et. cd 
in DE3618142. 

25 Intermediate 27; r4-Methylpippra.rin-i-yi)a/>a«^ add 

OH 



CommerciaUy avaUable from ChemPacific USA Sales Marketing and Research Center. 
30 6200 Preeport Centi^, Baltimore, MD 21224, USA (CAS 54699-92-2). 
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Tntermediate 28; gsopropylainino)(oxo)acettc add 




CommerciaUy available from Austin Chemical Company. Inc., 1565 Barclay Blvd.. 
Buffalo Grove. IL 60089, USA (CAS 3338-22-5) 

Tntermediate29; l-Methyl-5-oxopyrroKdine-3-carboxyHc acid 

HO. 



O 

Commercially available from MicroChemistry-RadaPharma. Shosse Entusiastov 56, 
•Moscow 111123, Russia (CAS 42346-68-9). 

Tntermediate 30; Tetrahydro-2H-pyraii-4-carboxylic add 

^OH 




o> 

Commerdally available from Combi-Blocks Inc., 7949 Silverton Avenue, Suite 915, San 
Diego, CA 92126, USA (CAS 5337-03-1) 

Tntermediate 31; Morpholiii-4-ylacetic add 

o^ o 

Can be prepared from ethyl bromoacetate as described by Z. Dega-Szafran et. al. in J. 
Molecular Structure, 2001, 560. 261-273. 

fatermediate32; T ert-butoxyacetic add 

O 

A suspension of sodium t-butoxide (24.1g) in t-butanol (150ml) was cooled in a water 
bath and treated drop-wise with a solution of chloroacetic acid (11.4g) m t-butan^ 
(30ml). The mixture was heated under reflux for 5h then concentrated m vacuo. T^e 
resultant white soHd was dried in vacuo for 16h then water (100ml) was added and die 
mixture was filtered. The filtrate was treated with diethyl ether (150ml). then cooled m an 
ice bath, stirred and acidified to pHl with 2N sulphuric acid. The layers were separated 
and the aqueous layer was further extracted with diethyl ether. The combmed orgmic 
extracts were dried (MgS04) and concentrated in vacuo to afford Intennediate 32 (ll.lg). 
*HNMR (400MHz. CDCI3. 6ppm) 1.27 (9H, s), 4.04 (2H, s). 
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Intermediate 33: Mpthvl r^<?^-7^r{ri.Afliyl-4-(»Afi.ohy^w.--?qr-pj,^ft^-/f-y^ftinfiiff)_^ H^_ 
pyTazolo[3,4-3]pyridm-5-yI]carbonyI}amino)-3-hydrox3npr^^ 




Intennediate 17 (O.lg, 0.34mmol), EDC (0.066g, 0.34mmol) and HOBT (0.05g, 
0.37inmol) were suspended in DMF (2ml) and stirred at room temperature under nitrogen 
for 15 mins. L-Serine methyl ester hydrochloride (0.054g, 0.34mmol) and triethylamine 
(0.036g, 0.36nmiol) were added and the mixture stirred at room temperature under 
nitrogen for 18 hours. Solvents were removed in vacuo and the residue was partitioned 
between DCM and water. The organic layer was concentrated in vacuo and applied to an 
SPE cartridge (aminopropyl, 5g), which was eluted with methanol. Concentration in 
vacuo afforded an impure residue which was further purified by SPE cartridge (silica, 
5g), eluting with ethyl acetate followed by 5% methanol/ethyl acetate. The desired 
fractions were concentrated in vacuo to afford Intermediate 33 (0.055g). LCMS showed 
Mtt = 393; Trct = 2.22min. 
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Tntermediate 34: l-Etfayl-iV-(2-hydroxy-l-mefliylethyl)-4-(tetrahydro-2g-pyran-4- 
ylaniino)-lJ5r-pyimolo[3,4-6]pyridine-S-carboxamide 




OH 



Ihteimediate 17 (O.lg, 0.34mmol). EDC (0.066g, 0.34mmol) andHOBT (0.05g, 
0.37imnol ) were suspended in DMF (2ml) and stirred at room temperature under 
nitrogen for 15 min. 2-aminopropan-l-ol (0.026g, 0.34mmol) and triethylamine (0.036g, 
0.36mmol) were added and the mixture was stirred at room temperature under nitrogen 
for 6 hours. Solvents were removed in vacuo and the residue partitioned between DCM 
and water. The organic layer was concentrated and appUed to an SPE cartridge 
(aminopropyl, 5g), which was eluted with methanol. Concentration in vacuo afforded 
Intermediate 34 (0.095g). LCMS showed MH*" = 348, TRBr= 2.15min. 

Intermediate 35: Ethyl 4-ethoxy-l-ethyl-lH-pyrazolo[3,4-b]pyridine-5-carboxylate 

Na. EtOH _ 





Intermediate 36: Ethyl 4-ethoxy-lH-pyrazolo[3,4-b]pyridine-5-carboxylate 

Et (i) NBS, CCI4, reflux 

^°2^* (iONaaCOg. aqueous THF if'^^^^z^* 




intermediate 35 




r 
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Lntermediate 37: Ethyl 4-(tetrahydro-2H-pyran-4-yIammo)-lH-pyrazolo[3,4- 
b]pyridiiie-5-carboxylate ' 




0 



90 oC 



COgEt 



N N 

LJ 

neat (no solvent) 
Intermediate 36 Intermediate 37 

5 Method 1: Intermediate 36 (0.035g) was placed in a Reactivial™ and treated with 
4-arQinotetrahydropyran (O.OSml). The mixture was heated at 90 °C for 1.5 hours, then 
allowed to cool to room temperature and partitioned between chloroform (2ml) and water 
(1ml). The layers were separated and the organic phase was concentrated. The crude 
product was purified by mass directed autoprep HPLC to afford Intermediate 37 as an 
10 off-white solid (0.01 Ig). LCMS showed MH^= 291; Tret = 2.08 min. 

Alternative Method 2: I ntermediate 36 (2g) was suspended in 4-aminotetrahydropyran 
(2g), and the mixture was heated at 90 °C for 6 hours. The residual mixture was allowed 
to cool to room temperature and partitioned between chloroform (50ml) and water 
15 (50ml). The phases were separated and the organic phase was evaporated to dryness. The 
residue was triturated with EtiO (30ml) and the insoluble solid was collected and dried to 
afford Intermediate 37 as a cream solid (2.24g). LCMS showed MFf"= 291; Trkt = 2.19 
min. 

20 Intermediate 38: Ethyl l-n-propyI-4-(tetrahydro-2£r-pyran-4-ylamino)-lHr- 
pyrazoIo[3,4-6]pyridine-5-carboxylate 




Sodium hydride (0.067 g, 60% dispersion in oil) was added to a stirred solution of 
Intermediate 37 (0.47 g) inDMF (19 ml), followed by n-propyl iodide (0.17 ml). The 
25 mixture was stirred at 23 °C for 16 hours, then concentrated, diluted with chloroform (30 
ml) and washed with 1:1 wateribrine solution (30 ml), separated and the organic layer 
concentrated. The residue was purijBed on a SPE catridge (silica, 10 g) eluting with 10 nal 
volumes of dichloromethane, 1:1 diethyl ether: cyclohexane, and dietiiyl ether. The 
combined 1:1 diethyl ether: cyclohexane, and diethyl ether, firactions were concentrated 



c 
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to give Intermediate 38 as a clear gum (0.23 g). LCMS showed M£t = 333; Tret = 3.14 



mm. 



Intermediate 39: l-n-I^opyl-4-(tetrahydro-2JBr-pyran-4-ylamino)-lH-pyrazolo[35^^ 
A]pyridine-5-carboxylic acid 




COM 



2M-Sodium hydroxide solution (0.7 ml) was added to a stirred suspension of 
Intermediate 38 (0.23 g) in ethanol (5 ml) and water (1.5 ml). After stirring overnight at 
room temperature, a further quantity of 2M-sodium hydroxide solution (0.7 ml) was 
10 added, and ttie reaction mixture was heated at 43 °C for 2.5 hours. The reaction solution 
was concentrated, diluted with water (5 ml) and acidified with 2M-hydrochloric acid. The 
resulting precipitate was collected by jBltration, washed with water and dried to give 
Intermediate 39 as a white solid (0.14 g). LCMS showed MlT = 305; Tret = 2.42min. 

15 Intermediate 40: N'-Acetyl l-n-propyl-4-(tetrahydro-2H-pyran-4-ylamino)-m- 
pyrazoIo[3,4-fr]pyridiiie-5-carbohydrazide 



a 



t)H HjNNHC(0)CH, 
PQj^ DMF, EDO, HOBT 




Intermediate 39 • intermediate 40 

Intermediate 40 can be made from Intermediate 39 in a similar way to the process 
described for Intermediate 4, for example using a similar or the same number of moles of 
20 reagents and/or volumes of solvents. 




Table of E yampleg 



Example 
Nooaber 


Name 


1 


N-Cyclopentyl-l-ethyl-5-(5-methyl-l,3,4<>xadiazol-2-yl)-lH-pyrazolo[3,^ 
b]pyridm-4-ainine 


2 


N<:yclopentyl-l-«thyl-5-{5-[(mBlliylsulf(myl)methyl]-l,3 
lH-pyrazoIo[3,4-b]pyridiii-4-amiDe- 


3 


N-Cyclopentyl-l-«thyl-5-(5-isopropyl-l,3,4HJxadiazol-2--yl)-lH-pyra2olo[3,4- 
b]pyridin-4-ainine 


4 


N-Cyclopentyl-l^thyl-5-(5-methyl-l,3,4~tMadiazol-2-yl)-lH-pyrazolo[3,4- 
. b]pyridin-4-amine 


5 


N<Jyclopentyl-l-ethyl-5-{5-[(niethylsulfonyl)methyl]-13,^ 
lH-pyrazolo[3,4-b]pyridin-4-ainine 


6 


N<:yclopentyl-l-*thyl-5K5-isopropyl-l,3,4-lMadiazol-2-yl>lH-pyra2olo[3 
b]pyridin-4-amiQe 


7 


l-Ethyl-N-(4-fluorophenyl)-5-(3-methyl-l,2,4-oxadiazol-5-yl)-lH- 
pyrazolo[3,4-b]pyridm-4-amme 


8 


N<>yclopentyl-5-(13-dimethyl-lH-l,2,4-triazol-5-yl)-l-ethyl-lH- 
pyrazolo(3,4-b]pyri(iin-4-ainme 


9 


l-Ethyl-5<5-isopropyl-l,3,4-oxadiazol-2-yl)-N-tetrahydro-2H-pyraii--4-yl-lH- 
pyrazolo[3 ,4-b]pyridin-4-ainiQe 


10 


N-Cyclohexyl-l-ethyl-5-(5-isopropyl-l,3.4-oxadiazol-2-yl)-lH-pyrazolo[3,4- 
b]pyridin-4-amine 


11 


l-Ethyl-N-isobuty'l-5-(5-isopropyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo(3,4- 
b]pyridm-4-ainine 


12 


l-Ethyl-N-isobutyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-lH-pyrazolo[3.4- 

b]pyridiii-4-amine 


13 


N-Cyclohexyl-l-ethyl-5-(5-methyl-l,3,4-oxadia2ol-2-yl)-lH-pyrazolo[3,4- 
b]pyridin-4-amme 


14 


l-Ethyl-5K5-methyl-13.4K)xadiazol-2-yl)-N-teti:ahydro-2H-pyran 
pyrazolo[3,4-b]pyridm-4-ainme 


15 


N-[(lR)-l,2-dimethylpropyl]-l-ethyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-lH- 
pyrazolo[3,4-b]pyridm-4-amine 


16 


N-[(lS)-l,2-dimethylpropyl]-l-ethyl-5-(5-methyl-l,3.4-oxadiazol-2-yl)-lH- 
pyrazolo[3,4-b]pyridiD-4-amiiie 


17 


5<5-TOTt-butyl-1.3,4K>xadiazol-2-yl)-l.^thyl-N-tetiahydro-2H-pyMn-4^^ 
pyrazolo[3,4-b]pyridm-4-a]iime 


18 


5-(5-Tert-butyl-l,3.4^xadiazol-2-yl)-N-cyclohexyl-l-elliyl-lH-pyrazolo[3,4- 
b]pyridiii-4-amine 


19 


5-(5-Tert-butyl-l,3,4-oxadia2ol-2-yl)-N-cyclopentyl-l-ethyl-lH-pyrazolo[3,4- 
b]pyridiQ-4-amine 


20 


5-(5-Tert-butyl-l,3.4-oxadiazol-2-yl)-l-ethyl-N-isobutyl-lH-pyrazolo[3,4- 
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blpyridm-4-aiiijne . 


21 


5<5-Tert-butyl-13.4-oxadiazol-2-yl)-N-[(lS)-l,2-diinethylpropyl]-l-ethyl- 
lH-pyra2olo[3.4-b]pyridin-4-amine . 


22 


5<5-Tert-butyl-13,4-oxadia2ol-2-yl)-N-[(lR)-l,2-dimethylpropyl]-l-ethyl- 
lH-pyrazolo[3,4-b]pYridin-4-ainme 


23 


l-Ethyl-5-{5-[(methylsulfonyl)methyl]-l,3,4-oxadiazol-2-yl}-N-tetrahydro- 
2H-pyian-4-yl-lH-pyrazolo[3,4-blpyridin-4-amme 


24 


N-Cyclohexyl-l-ethyl-5-{5-[(iiiethylsulfc>nyl)methyl]-13.4-oxadiaz^^ 1 
lH-pyrazolo[3,4-b]pvridiii-4-aiDine 


25 


l-Ethyl-msobutyl-5-{5-[(methylsulfonyl)n)ethyl]-13,4-oxadiazol-2-yl}-lH^ 
pyrazolo[3,4-b]pyridin-4-ainiiie _ — 


26 


N-[(lS)-1.2-^Jimethylpropyl]-l-ethyl-5-{5-[(methylsulfonyl)methyl] 
oxadiazol-2-Yl}-lH-pyrazolor3,4-b]pyridin-4-ainme 


27 


N-[(lR)-l,2-dimethylpropyl]-l-ethyl-5-{5-[(niethylsiilfoiiyl)i^ 
oxadiazol-2-Yl}-lH-pyrazolor3,4-b]pyridin-4-amme 


28 


l-Ethyl-5-(3-methyl-l,2,4-oxadiazol-5-yl)-N-tetrahydro-2H-pyran-4-yl-lH- 
pyra2olor3,4-b]pyridm-4-ainine 


29 


l-Ethyl-5-[3<inethoxymelliyl)-l,2,4-oxadiazol-5-yl]-N-tetrahydro-ZH-pyran^ 
4-yl-lH-pyrazolo[3,4-b]pyridm-4-amine 


30 


5-{3-[(DimethylamiQo)niethyl]-l,2,4-oxadiazol-5-yl}-l-elhyl-N-te^ 
ffl-pyran-4-yl-lH-pyrazolo[3,4-b]pvridin-4-aiiiine 


31 


l-Etbyl-5-[3<moipholin-4-ylmethyl)-l,2,4-oxadiazol-5-yl]-N-tetrahydro-2H- 
PYran-4-yl-lH-pyrazolor3,4-b]pyridm-4-amme 


32 


5K5-<^clopropyl-13,4-oxadiazol-2-yl)-l-ethyl-N-lietrahydro-2H-pyraii-4-yl- 1 
lH-pyrazolo[3,4-b]pYridm-4-aaiiine _ 


33 


N-(l-Acetylpiperidin-4-yl)-l-ethyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)-lH- 
pyrazolor3.4-b]pyridm-4-ainiiie 


34 


l-Etbyl-5-[5-(3-methyloxetan-3-yl)-l,3,4-oxadiazol-2-yl]-N-tetrahydro-2H- 1 
PVran-4-yl-lH-pyrazolo[3,4-b]pyridin-4-aimne 


35 


l-Ethyl-5-{5-[(4-methylpiperazin-l-yl)methyl]-l,3,4-oxadiazol-2-yl}-N- 
tefrahydro-2H-pyran-4-yl-lH-pyrazolor3.4-b]pyridin-4-amme 


36 


5-[l-Ethyl-4-(tetrahydro-2H-pyran-4-ylanuno)-lH-pyrazolo[3,4*]pyri^ j 
vl]-N-isopropyl-l,3,4-oxadiazole-2-carboxaimde 


37 


4- {5-[l-Elliyl-4-(tetrahydro-2H-pyran-4-ylainino)-lH-pyrazolo[3,4-b]pyridm^ 

5- Yl]-1.3,4-oxadiazol-2-Yl}-l-metibivlpvn:olidm-2-one 


38 


l-Ethyl-N-tetrahydro-2H-pyraii-4-yl-5-(5-tetrahydro-2H-pyran-4-yl-l,3,4- 1 
oxadiazol-2-YlVlH-pyrazolo[3,4-b]pvridin-4-amine 


39 


l-Eliiyl-5-[5-(morpholin-4-ylinelhyl)-1.3.4K)xadiazol-2-yl]-N-tetrahydro-2H^ 1 
pyKm-4-yl-lH-pyrazolo[3,4-b]pYridin-4-amme 


40 


5-[5-(Tert-butoxymethyl)-l,3,4-oxadiazol-2-yl]-l-ettiyl-N-tetrahydro-2H- 
pyran-4-yl-lH-pyrazolo[3,4-b]pyridin-4-aiimie 


40A 


Methyl 2-[l-ethyl-4-(tetrahydro-2H-pyraii-4-ylainino)-lH-pyrazolo[3,4- 
Z7]pyridin-5-yl]-4,5-dihydro- 1 ,3-oxazole-4-caiboxylate 
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41 


Methyl 2-[l-ethyl-4-(tetrahydro-2H-pyran-4-ylaimno)-m- 
pyrazolo[3,4-fc]pyridin-5-yl]-l,3-oxazole-4-carboxylate 


42 


l-Ethyl-5-(4-methyl-4,5-dmydro-13-oxazol-2-yl)-iV-<tetrahydro-2ff- 
pyraii-4-yl)- Ifl'-pyrazolo [3 ,4-fc]pyridm-4-amine 


43 


l-(n-Propyl)-5-(5-methyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro-2H- 
pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine 


44 


l-Ethyl-545-(tetrahydiofuran-2-yl)-l,3,4-oxadiazol-2-yl]-N- 
(tetrahydro-2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-aimne 


45 


l-Ethyl-5-[5-(dimethylainino)-l,3,4-oxadiazol-2-yl]-N-(tetrahydro-2B- 
pyran-4-yl)- IH-pyrazolo [3 ,4-b]pyridin-4-ainine 


46 


l-Ethyl-5-(5-methyl-l,2,4-triazol-3-yl)-N-(tetrahydro-2H-pyran-4-yl)- 
lH-pyrazolo[3 ,4-b]pyridin-4-amine 


47 


NKl-A<»tylpiperidin-4-yl)-l-ethyl-5-(3-methyl-l,2,4-oxadiazol-5-yl)- 
lH-pyrazolo[3,4-b]pyridin-4-aiDine 


48 


N-(l-Acetylpiperidin-4-yl)-l-ethyl-5-[3-(morpholin-4-ylmethyl)-l,2,4- 
oxadiazol-5-yl]-lH-pyrazolo[3,4-b]pyridin-4-airiine 



Example 1; N-Cyclopentyl-l-e<hyl-5-(5-methyl-l,3,4-oxadiazol-2-yl)rlH^ 
pyrazolo[3,4-b]pyridm-4-ainine 




Example 1 R"^ = Me 



Intermediate 4 (0.043g) was dissolved in acetonitrile (2ml) then treated with phosphorous 
oxychloride (O.lOlg) and stirred under nitrogen and heated at 90°C for 2h. The mixture 
was concentrated in vacuo and the residue partitioned between DCM and saturated 
aqueous sodivun bicarbonate solution. The organic layer was concentrated in vacuo and 
applied to an SPE cartridge (aminopropyl, Ig), which was eluted with methanol. 
Concentration in vacuo afforded Example 1 (0.032g). LCMS showed MEt = 313; Trkf = 
3.13min. 



r 
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Similarly prepared, far example without limitation using the same or similar number of 
moles of reagents and/or volumes of solvents, but with an extended reaction time (see 
table) was: 





rY 


starting material 


Reaction 
time 


MH* 
ion 


TKErrCmin) 


Example 2 


' o" \ 


btemiediate 5 


3h 


391 


2.88 



10 



15 



25 



Example 3; N-Cyclopentyl-l-ethyl-5-(5-isopropyl-l^,4-oxadiazol-2-yI)-lH- 
pyrazolo[3,4-b]pyridin-4-amme 




Intermediate 10 was dissolved in acetonitrile (2ml) then treated with phosphorous 
oxychloride (O.lOlg) and stirred under nitrogen at 90°C for 3.-5h. The mixture was 
concentrated in vacuo and the residue partitioned between DCM and saturated aqueous 
sodium bicarbonate solution. The organic layer was concentrated in vacuo and the residue 
appKed to a SPE cartridge (siUca, 5g), which was eluted with cyclohexane : EtaO (1:2). 
Fractions containing desired material were combined and concentrated in vacuo to afford 
Example 3 (0.034g). LCMS showed Mil*" = 341; Tret = 3.39min. 



20 Example 



4i N-Cyclopentyl-l-ethyl-5-(5-methyl-l,3,4-thiadiazoI-2-yl)-lH- 

pyrazolo[3,4-b]pyridin-4-aiiiine 

P 




A solution of InteraiediatB 4 (0.09g) in acetonitrile (5ml) was stirred under nitrogen and 
treated wifli Lawesson's reagent (0.116g). The mixture was heated at 65°C for 16h, then 
concentrated in vacuo. The residue was appHed to an SPE cartridge (siUca, 5g) and eluted 
with a gradient of cyclohexane : EtzO (1:2 then 1:3, 1:4, 1:5. 0:1). Fractions containing 
desired material were combined and concentrated in vacuo. Further purification was 
achieved using mass directed autoprep HPLC to afford Example 4 (0.002g). LCMS 
showed MH*" = 339; Trft = 3.23min. 
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Example S: N-C^dopentyl.l.etfayl-5-{5-[(methyIsulfonyl)meA^^ 
yI}-lH-pyrazolo[3,4-b]p3nridin-4-amine 



A solution of Intermediate 5 (0.07g) in acetonitrile (3ml) was stirred under nitrogen and 
treated with Lawesson's reagent (0.085g). The mixture was heated at 65°C for 136h, then 
concentrated in vacuo. The residue was partitioned between DCM and water and the 
organic layer concentrated in vacuo. Further purification was achieved using mass 
directed autoprep HPLC to afford Example 5 (O.OOSg). LCMS showed MH*" = 407; Tret 
= 2.98iiiin. 

Example 6: N-Cyclopentyl-l-ethyl-5-(5-isopropyI-l,3,4-tMadiazol-2-yl)-lH^ 
pyrazoIo[3,4-b]pyridin-4-ami]ie 



Intermediate 10 was dissolved in acetonitrile (5ml) then treated with Lawesson's reagent 
(0.125g) and heated under nitrogen at 65°C for 66h. Volatiles were removed in vacuo and 
the residue was purified by mass directed autoprep HPLC to afford Example 6. LCMS 
showed MET** = 357; Trot = 3.59min. 

Example 7; l-Ethyl-N-(4.fIuorophenyp-5-(3.methyl-l^,4-oxadiazoI-5-yl)-lH^ 
pyrazolo[3,4-b]pyridin-4-aimne 



A solution of fiitermediate 6 (0.04g) in ethanol (1ml) was stirred over powdered 4A 
molecular sieves (0,290g) and treated with Intermediate 9 (0.045g), followed by sodixim 
ethoxide (0.020g). The mixture was heated under reflux for 18h, then cooled and filtered. 
Following concentration of the filtrate in vacuo, the residue was applied to an SPE 
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cartridge (siUca, 5g) which was eluted with cyclohexane : EtzO (1:1). Rractions 
containing desired material were combined and concentrated in vacuo to afford Example 
7 (0.017g). LCMS showed MlT = 339; Tret = 3.23min. 

Example 8; N-Cyclopentyl.5-(l,3.dimethyl-lH-lA4-triazol-5-yl)-l-ethyl-m- 
pyra2olo[3,4-b]pyridan-4-amine 




A solution of Intermediate 7 (0.06g) in ethanol (2ml) was treated with triethylamine 
(O.lOlg), foUowed by methyl acetimidate hydrochloride (0.033g) and the mixture heated 
under reflux (80°C) for 42h. Reaction was incomplete so a further portion of methyl 
acetimidate hydrochloride (0.033g) was added and stirring continued under reflux for 6 
days. The mixture was concentrated in vacuo and the residue partitioned between DCM 
and 2M aqueous HCl. The organic layer was concentrated in vacuo and purified by mass 
directed autoprep to afford Example 8 (0.003g). LCMS showed MET = 326; Tret = 
2.66min. 

Example 9; l.Ethyl-5-(5-isopropyl-l,3,4-oxadiazol-2-yl)-N-tetrahydro-2H-pyran-4- 
yl-lH-pyrazolo[3,4-b]pyridin-4-amine 




Intermediate 13 (0.016g) was dissolved in anhydrous acetonitrile (1ml). 
4-Aminotelxahydropyran hydrochloride (Intermediate 21A, O.OOSg) was then added, 
foUowed by diisopropylethyl amine (0.05ml) and the mixture was stirred under nitrogen 
at 75°C for 19h. A further portion of 4-aminotetrahydropyran (0.002g) was added and 
stiiring continued at 85°C for 16h. The mixture was concentrated in vacuo and partitioned 
between DCM and water. The organic phase was concentrated in vacuo and applied to an 
SPE cartridge (silica, Ig), which was eluted sequentially with a gradient of EtOAc: 
cyclohexane (i) 1:8, (ii) 1:4. (iii) 1:2, (iv) 1:1 and (v) 1:0. Fractions containing desired 
material were combined and concentrated in vacuo to afford Example 9 (0.013g). LCMS 
showed MH* = 357; Trbt = 2.89min. 



]^mElel0iN-cyclohexyi-l-©thyI-5-(5-isopropyl-i^,4-oxadiazol-2-yl)-lH- 
pyrazolo[3,4-b]pyridm-4-ainine 



Intennediate 13 (0,016g, 0.055 mmol) was dissolved in anhydrous acetonitrile (Inol). 
Cyclohexyl amine (0.007ml, 0.061 mmol) was then added, followed by diisopropylethyl 
amine (0.05ml, 0.29 mmol) and the mixture was stirred under nitrogen at 75°C for 16h. 
The mixture was concentrated in vacuo and partitioned between DCM and water. The 
organic phase was concentrated in vacuo and appUed to an SPE cartridge (silica, Ig), 
which was eluted sequentially with a gradient of EtOAc: cyclohexane (i) 1:16, (ii) 1:8, 
(iii) 1:4, (iv) 1:2 and (v) 1:1. Fractions containing desired material were combined and 
concentrated in vacuo to afford Example 10 (0.01 5g). LCMS showed MH* = 355; Tret = 
3.59min. 

Similarly prepared using the same or similar number of moles of reagents and volumes of 
solvents was the following: 





NHR3 


Starting amine 


MB* 
ion 


TsBTCniin) 


Example 11 




Isobutyl amine 


329 


3.40 




Example 12; l-EthvI-N-isobuM-5-(5-methvl-13>4-oxadiazol-2-vn-lH--Pvrazolor3,4> 
b]pyridin-4-amme 




Example 12 RY = Me, NHR3= hn 



Intermediate 12 (0.026g, 0.1 nmiol) was dissolved in ethanol (1.5ml) and treated with a 
solution of isobutylamine (0.007g, 0.1 mmol), also in ethanol (1ml). The mixture was 
then treated with diisopropylethyl amine (0.075 ml, 0.4 nmaol, 4 mole equivalents) and 
stirred at 75°C for 16h. The mixture was concentrated in vacuo and applied to an SPE 
cartridge (siUca, 0.5g) which was eluted sequentially with (i) chloroform, (ii) EtaO and 
(iii) methanol. Fractions containing desired material were combined and concentrated in 
vacuo to afford Example 12 (0.024g). LCMS showed MH^ = 301; Tret = 2.9Qmin 
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Simflarly piepaied using the same or similar number of moles of reagents and volumes of 
solvents were the following: 







NHR3 


Starting 

TinAtei*i&l 


Amine reagent 


MET 
ion 


Tret 
(min) 


Example 13 


Me 


> f 


Intermediate 12 


Cyclohexylamine 


327 


3.12 


Example 14 


Me 




Intermediate 12 


4-Amino 
tetrahydropyran 


329 


2.49 


Example 15 


Me 


Y 


Jhtennediate 12 


CR)-(-)-3-mefhyl-2- 
butylamine 


315 


3.00 


Example 16 


Me 


Y 


Intermediate 12 


(S).(.)-3-methyl-2- 
butylamine 


315 


3.00 


Example 17 


*Bu 


HN-\;o 


Intennediate 14 


4-Amino 
tetrahydropyran 


371 


2.99 


Example 18 


'Bu 




Intermediate 14 


Cyclohexylamine 


369 


3.64 


Example 19 


'Bu 




Intermediate 14 


Cyclopentylamine 


355 


3.48 


Example 20 


'Bu 


/-/ 

HN ^ 


Intemiediate 14 


Isobutylamine 


343 


3.43 


Example 21 


'Bu 




Intermediate 14 


(S)-(-)-3-methyl-2- 
butylamine 


357 


3.53 


Example 22 


*Bu 




Intermediate 14 


(R).(-)-3-methyl-2- 
butylamine 


357 


3.53 


Example 23 


o" \ 




Intermediate 15 


4- Amino 
tetrahydropyran 


407 




Example 24 


^ o" \ 


y — V 


Intermediate 15 




405 


3.00 


Example 25 




HN ^ 


Intermediate 15 


Isobutylamine 


379 


2.81 


Example 26 




' X 


Intermediate 15 


(S)-(-)-3-methyl-2- 
butylamine 


393 


2.90 


Example 27 






Intermediate 15 


(R)-(-)-3-methyl-2- 

butylamine 


393 


2.91 



TC^am plft 28: 1 -Ethvl-5-(3-methvl-1.2.4-oxadiazol-5-yl)-N-tetrahydro-2H-pyran-4-yI- 
lH-pyrazolo[3,4-b]pyridin-4-aiiime 




A solution of Intermediate 16 (0.05g, 0.157 mmol) in ethanol (2ml) was stirred over 
powdered 4A molecular sieves (0.30g) and treated with a solution of Intermediate 9 
5 (0.059g, 0.8 mmol) and sodiimi ethoxide (0.027g, 0.4 mmol) in ethanol (Inal). The 

mixture was heated at reflux for 18h under nitrogen, then cooled and filtered. Following 
concentration of the filtrate in vacuo, the residue was applied to an SPE cartridge (silica, 
5g) which was eluted with cyclohexane : EtOAc (1:1). Fractions containing desired 
material were combined and concentrated in vacuo to afford Example 28 (0.024g). LCMS 
10 showed MHT*" = 329; Tret = 2.86 min. 

Similarly prepared using the same or similar number of moles of reagents and volumes of 
solvents were the following: 





rX 


Starting 
Amidoxime 


MH^ion 


Tret 
(min) 


Example 29 


CIIiOMe 


Ihteimediate 22 


359 


2.78 



15 

Example 30; 5-l3-r(Dimethylaimno)methyl]-l,2,4-oxadiazol-5-yl>l-ethyl--N- 
tetrahydro-2H-pyran-4-yl-lH-pyrazolo[3,4-b]pyridin-4-amine 




A solution of Xntemiediate 16 (0.05g) in ethanol (2ml) was stirred over powdered 4A 
molecular sieves (6.30g) and treated with a solution of Intermediate 23 (0.094g) and 
sodium ethoxide (0.627g) in ethanol (1ml). The mixture was heated at reflux for 18h 
25 under nitrogen, then cooled and filtered. Following concentration of the filtrate in vacuo, 
the residue was applied to an SPE cartridge (silica, 5g) which was eluted with 2-5% 
methanol in DCM. Fractions containing desired material were combined and 
concentrated in Vacuo, then applied to a further SPE cartridge (anairiopropyl, Ig) which 



( 
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was eltited with methanol to afford Example 30 (0.02g). LCMS showed MlT = 372; Tret 
= 2.10 min. 

Example 31; l-Ethvl-S-r3-(morpholiii-4-yhnethyl)-l,2,4-oxadiazol-5-yl]-N- 
tetrahydro-2H-py^an-4-y^lH-py^a2olo[3,4-b]py^idin-4-alllme 




A solution of Intennediate 16 (O.OSg) in ethanol (2ml) was stirred over powdered 4A 
10 molecular sieves (0.30g) and treated with a solution of Intennediate 24 (0. 128g) and 
sodium ethoxide (0.027g) in ethanol (1ml). The mixture was heated at reflux for 18h 
under nitrogen, then cooled and filtered. Following concentration of the filtrate in vacuo, 
the residue was applied to an SPE cartridge (silica, 5g) which was eluted with 2-5% 
methanol in DCM. Fractions containing desired material were combined and 
15 concentrated in vacuo to afford Example 3 1 (0.025g). LCMS showed MH^ = 415; Tret = 
2.46 n3in. 

Example 32: 5-(5-CvclopropyI-l,3,4-oxadiazol-2-yl)-l-ethyI-N-tetrahydro-2H-pyran- 
4-yHH-pyrazoIo[3,4-b]pyridin-4-amine 




20 

A solution of Intermediate 20 (0.020g) in TEIF (0.2ml) was treated with Burgess reagent 
(0.026g) and heated in a microwave at 120°C (lOOW) for 5min. The mixture was 
concentrated by evaporation under a stream of nitrogen and the residue applied to an SPE 
cartridge (silica, Ig) which was eluted with 2% methanol in DCM to afford Example 32 
25 as a white soUd(0.014g). LCMS showed MIT" = 355; Tret = 2.78 min. 




Examffile^ N-(l-Acetylpiperidin-4-yl>l-eti^^^ 
ffl-pyra2»lo[3,4-b]pyridin-4-ainine 




Ihteimediate 12 (0.03g) was dissolved in acetonitiile (2ml) and treated with DIPEA 
5 (0.1ml) and Ihtemiediate 25 (0.022g). The mixture was stirred at 85^*0 for 18h then 
concentrated in vacuo and partitioned between DCM and water. The layers were 
separated and the organic layer concentrated in vacuo, then purified by mass directed 
autoprep HPLC to afford Example 33 (O.Olg). LCMS showed MH^ = 370; Tret = 
2.48min. 

10 

Example 34; l-Ethyl-5"[5-(3-methyloxetan>3-yl)>l,3,4-oxadiazol-2-yl]-N-tetrahydro- 
2H-pyran-4-yl-lH-pyrazolo[3,4-b]pyridm-4-amme 




is A solution of Intermediate 19 (O.OSg, 0. 133 mmol), TBTU (0.045g, 0. 14 mmol) and 
DBPEA (0,1ml, ca. 0.5 mmol) in DMF (Iml) was stirred at room temperature under 
nitrogen for 5 min. A solution of Intermediate 26 (0.024g, 0.21 mmol) in DMF (1ml) was 
then added and stirring continued for 18h. Reaction was found to be incomplete after this 
. time so a further portion of Intermediate 26 (0.012g, 0. 10 mmol) was added and stkring 

20 continued under nitrogen for a further 1 8h. The mixture was concentrated in vacuo then 
the residue applied to an SPE cartridge (aminopropyl, 2g), which was eluted with 
methanol (2x3ml). Fractions containing desired material were concentrated in vacuo. 
The partially purified intermediate was taken forward wittiout further characterisation and 
was dissolved in THF (0.5ml) then treated with Burgess reagent (0.025g, ca. 0. 1 namol). 

25 The mixture was heated under microwave conditions at 120°C (120W) for 5 min. The 
mixture was then concentrated in vacuo and purified by mass directed autoprep HPLC to 
afford Example 34 (0.006g). LCMS showed MH*" = 385; Trkf = 2.65min. 



30 



Similarly prepared using the same or sincdlar number of moles of reagents and volumes of 
solvents were the following: 
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rY 


starting Add 


MH* 
ion 


Tret 
(min) 


Example 35 




latenDBdiate 27 


427 


2.14 


Example 36 




lateimediate 28 


400 


2.87 


Example 37 




Ihtennediate 29 


412 


239 



Example 38; l-Ethvl-N-(tetrahvdro-2H-PYran-4-vl)-S-r5-(tetrahYdro-2H-pyran-4- 
yl)-l,3,4-oxadiazol-2-yl]-lH-pyrazolo[394-b]pyridin-4-amme 




A solution of lateimediate 19 (0.05g, 0.133 mmol), TBTU (0.045g, 0.14 mmol) and 
DIPEA (O.lnal, ca. 0.5 namol) in DMF (1ml) was stirred at room temperature under 
nitrogen for 5 min. A solution of Intennediate 30 (0.0 18g, 0.14 mmol) in DMF (1ml) was 

10 then added and stirring continued for 18h. Reaction was foimd to be incomplete after this 
time so a further portion of Intermediate 30 (0.009g, 0.07 mmol) was added and stirring 
continued under nitrogen for a further 18h. The mixture was concentrated in vacuo then 
the residue applied to an SPE cartridge (aminopropyl, 2g), which was eluted with 
methanol (2x3ml). Fractions containing desired material were concentrated in vacuo. The 

15 partially purified intermediate was taken forward without further characterisation and was 
dissolved in THF (0.5ml) then treated with Burgess reagent (0.025g, ca. 0.1 mmol). The 
mixture was heated under microwave conditions at 120°C (120W) for 5 min. Reaction 
appeared incomplete so a further portion of Burgess Reagent (0.012g, ca. 0.05 mmol) was 
added and the mixture heated under microwave conditions at 140®C (120W) for a further 

20 10 min. The mixture was then concentrated in vacuo and purified by mass directed 
autoprep HPLC to afford Example 38 (0.006g). UCMS showed M£t = 399; Trbt = 
2.64mdn. 

Similarly prepared using the same or similar number of moles of reagents and volumes of 
25 solvents were the following: 








Starting Add 


MEt 
ion 


Tret 
(ndn) 


Example 39 




Jhtramediate 31 


414 


2.44 


Example 40 


CHzO'fiu 


LitenDiBdiate 32 


401 


2.98 



Example 40A; M ethyl 2-[l-ethyl-4-(tetrahydro-2ff-pyran-4-ylainino)-lH 
5 pyrazolo[3,4-ft]pyridin-5-yl]-4,5-dihydro-l,3-oxazoIe-4-carboxyl^ 




C02Me 



IntennecJiate 33 (0.055g, 0.14imnol) and Burgess reagent (0.037g, 0.16nmiol) were 
suspended in THP (2ml) and heated at reflux for 4 hours. Solvents were removed irL 
10 vacuo and the residue applied to an SPE cartridge (silica, 2g), which was eluted with 

cyclohexanerethyl acetate (1:2). Concentration in vacuo afforded Example 40A (0.03g). 
LCMS showed MH*" = 374, Trkf = 2.78min. 



15 Example 41: Methyl 2-[l-ethyl-4-(tetrahydro-2fir-pyran-4-ylamino)-lff- 
pyrazolo[354-ft]pyridiii-5-yl]-l^-oxazole-4-carboxylate 




COgMe 



20 The conlpound of Example 41 was synthesised using the following route, reagents and 
solvents: 



r 
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CO2H j^O" 



N N 



Hjn^co^B EDO, HOBT. E^N, DMF 



Intermediate 17 




N CO,Me 



Intermediate 33 



Burgess reagent, THF 




DBU, CCI4. CH3CN, Pyridine 



Example 41 




COoMe 



Example 40A 



In one enabodiment, a suitable detailed procedure for the first two steps is given above in 
"Intermediate 33" and "Example 40 A". In one embodiment, a suitable detailed procedure 
5 for syntiiesising Example 41 from Example 40A is as follows: 

Example 40A (0.023g, 0.062nraiol) and DBU (0.028g, 0.18mmol) were dissolved in 
carbon tetrachloride/acetonitrile/pyridine (2:3:3, 1.6ml) and stirred at room temperature 
under nitrogen for 48 hours. Solvents were removed in vacuo and the residue was 
10 purified by mass directed autoprep HPLC to afford Example 41 (0.0017g). LCMS 
showed MlT = 372, Trkt = 9.24min. 




]^amEle42Ll-Ethyl-5-(4-methyl-4,5.dih 
pyran-4-yl)-ljff-pyrazolo[3,4-fe]pyridin-4-amine 




5 Intermediate 34 (0.095g, 0.27minol) and Bxirgess reagent (O.OTlg, O.SOmmol) were 

dissolved in THF (2ml) and heated at reflux for 4 hours. Solvents were removed in vacuo 
and the residue applied to an SPE (silica, 5g), which was eluted wifli ethyl acetate to 
afford Example 42 (0.045g). LCMS showed MEt = 330, Tret= 2,84min. 

10 Example 43: l-n-Propyl-5K5-methyl-l,3,4-oxadiazol-2-yl)-N-(tetrahydro-2H-p3^ 
4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amme 




15 Example 43 was synthesised according to the following reaction scheme: 
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COgEt 



Intermediate 1 




NaH. DMF, 
CH3CH2CH2I 



a 




Na, EtOH 
■ 



■2 





NK 90 «C 



^ neat (no solvent) 

Intemnediate 37 



COJEX NaOH, aqueous EtOH 



Intermediate 38 




POCI3, CHgCN, 90 oC 




Example 43 




Intermediate 35 

(i) NBS, CCI4. reflux 

(ii) Na2C03, aqueous THF 

y 




Intermediate 39 



tH2NNHC(0)CH3 
DMF, EDO. HOBT 




Intermediate 40 



Detailed conditions which can be used for the first five reactions jBrom Intermediate 1 to 
Intermediate 39 are given in the "Intermediate" syntheses hereinabove for Intermeidiates 
35, 36, 37. 38, 39 and 40. 



r • 



5 
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Example 43 can be made from Intennediate 40 using a similar process to tbat described 
for Bcample 1. 2, 3, using a similar or the same number of moles of reagents and/or 
volumes of solvents. 

Example 44: l-EthyI-5-[5-(tetrahydrofuran-2-yl)-l,3,4-oxadiazol-2-yl]-N- 
(tetrahydro-2H-pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-ainine 




10 Example 45: l-Ethyl-5-[5<dimethylammo)-l,3,4-oxadiazol-2-yl]-N-(tetrahydro-2H- 
pyran-4-yl)-lH-pyrazolo[3,4-b]pyridin-4-amine 




Example 46: l.EthyI-5-(5-mettiyl-l^,4-triazol-3-yl)-N-(tetrahydro-2H-pyran-4-yl)- 
15 lH-pyrazolo[3,4-b]pyridin-4-amine 
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Example 47: N-(l-Acetylpiperidm-4-yl)-l-ethyl.5.(3-methyI-l,2,4-oxadia2ol-5-^^^^ 
lH-pyrazolo[3,4-b]pyridin-4 -amine 




Example 48: N-(l-AcetyIpiperidm-4-yl)-l-ethyl-5-[3-(morphoIm-4-ylmethyl)-i;2,4- 
oxadia2ol-5-yl]-lH-pyra2oloI3,4-b]pyridin-4 -amine 
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